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The halogen bond, XB, has been known since the nineteenth century. A XB 
involves the donation of electron density from a donor such as N, O, S, or Se to an 
electropositive region on another atom typically iodine or bromine. XB acceptors are 
Lewis bases and XB donors are Lewis acids keeping terminology hydrogen bonding. The 
highly directional characteristic of the halogen bond paired with phenyl embrace 
interactions provide very useful supramolecular synthons allowing for the engineering of 
cocrystals with specific directional bonding motifs.   
Nitrogen electron acceptors such as quinoxaline, phenazine, 4,4’-bipyridine, and 
4,4’-dimethyl-2,2’-bipyridine are cocrystallized with 1,4-diiodotetrafluorobenzene (1,4-
F4DIB), 1,4-difluorotetraiodobenzine (1,4-F2TIB), or 4,4’-diiodooctofluorobiphenyl 
(4,4’-F8DIBPh). Structures form chain motifs with nitrogen atoms being located on 
opposite sides of the acceptor molecules. 
Sulfur and selenium acceptors in bis(diphenylphosphino) alkane 
disulfide/diselenides. The alkane chain can have an even or odd number of carbon atoms.  
The even numbered alkane chains positions the sulfur or selenium acceptors in a 
staggered like conformation. The odd numbered alkane chains position the S or Se 
acceptors in a gauche-like conformation. The even alkyl chains prefer sheet motifs while 
the odd alkyl chains prefer 3D networks. 
The phosphorous acceptor 1,2-bis(diphenylphosphino)ethane, dppe, is reported 
with chain motifs through XBs linked by phenyl embraces. Cocrystallization of dppe and 
1,4-F4DIB results in two polymorphs and a 1:3 structure. All three structures can be 
iii 
synthesized by Mechanosynthesis which provides a mean to search for undiscovered 
cocrystals.  
2,3,5,6-tetra(2′-pyridyl)-pyrazine (TPPZ) has been cocrystallized with 1,4-F2TIB, 
4,4’-F8DIBPh, and 1,4-F4DIB forming chain motifs. TPPZ can have one of many 
conformations due to the pyridyl rings ability to rotate about the single carbon-carbon 
bond preferring only a few conformations observed in the structures reported here.  
Tetraalkylammonium iodides are cocrystallized with diiodine and an 
organoiodide forming a variety of motifs. Sheets to 3D networks are observed increasing 
from methyl to butyl alkyl groups. The [N(alkyl)4]I3•organoiodide structures can provide 
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 The term “crystal engineering” was coined by Schmidt in 1971.1 The term came 
about when Schmidt and co-workers were studying the photochemical dimerization 
reactions of cinnamic acid derivatives and noticed the spatial relationship between 
molecules determined solid-state reactivity.2 β-cis-cinnamic acid produces the head to 
head dimer, β-truxinic acid, while the α-trans-cinnamic acid produces the head to tail 
dimer, α-truxinic acid, figure 1.12. Dimerization only occurs if the distance between the 
double bonds is 4.2 Å or less. As observed in γ-cinnamic acid, the aliphatic double bonds 
have a distance of 4.7 Å and no reaction occurs.3  
The crystal structure of the material controls the topochemical reactions. Optimization 
and selective change to the reactions require structural control that is difficult to attain.  
Applications such as optics4, liquid crystals5, catalyst, and superconductors6 
sparked interest in the design and understanding of crystals. Thus crystal engineering can 
be defined as the intentional design of organic7 or metal-organic8 crystal structures with 
desired properties.  
 Molecular crystals are composed of highly ordered molecules held together by a 
variety of intermolecular forces. Crystal design involves an understanding of chemical as 
well as geometrical configurations of molecules. Even with chemical and geometrical 
considerations in mind it is still very difficult to predict crystal structures. Molecular 
materials can be assembled in what seems to be an infinite number of ways. Polymorphs 
2 
 
are stable arrangements, but only one of them is the global minimum energy form. 
Kitaigorodsky showed that molecules prefer to pack densely9,10 because they prefer to use 


















                                     
                                             
 
Figure 1.1 α-cinnamic acid produces the head-to-tail dimer, α-truxinic acid (Top) and β-














Structure Directing Interactions 
A supramolecular synthon is a structural unit in a supermolecule.11 Synthons 
based on hydrogen bonds were not initially recognized but eventually became known as 
structure-directing interactions. It was not until Sutor in the early sixties contended that 
hydrogen bonding was involved in directing crystal structures. 12,13 The hydrogen bond, 
D-H•••A, was thought to require a highly electronegative atom such as oxygen, nitrogen, 
or fluorine. Kvick and Olovsson observed C-H•••Cl interactions14 in a large number of 
crystal structures over a few decades. By the mid-nineties hydrogen bonding interactions 
that were even more unusual were observed. Three center four-electron hydrogen bonds 
with a metal were defined. A X-H•••M interaction required the metal to be electron rich 
while the hydrogen needs to be acidic.15  
Another useful structure directing interaction is the halogen bond. The IUPAC 
definition of a halogen bond is “any noncovalent interaction involving halogens as 
acceptors of electron density.”16 Halogen atoms are much larger than hydrogen atoms, 
thus halogen bonds are affected by steric problems more so than hydrogen bonds.17 The 
strength of halogen bonding increases moving from Cl < Br < I.18-20 Desiraju et al. 
noticed the importance of the halogen bond within the field of crystal engineering. By 
utilizing X•••NO2 contacts, they were able to produce several cocrystals involving halo 
and nitro derivatives of aromatic compounds.21 Halogen bond based supramolecular 





Working Definition of the Halogen Bond 
Halogen bonds are non-covalent interactions that range from 10 kJ mol-1 to 200 kJ 
mol-1.22 IUPAC defines halogen bonds as “A halogen bond occurs when there is evidence 
of a net attractive interaction between an electrophilic region associated with a halogen 
atom in a molecular entity and a nucleophilic region in another, or the same, molecular 
entity.”23  Halogen atoms have an area of positive electrostatic potential on the outermost 
portion of the halogen atom extended along the R-X bond. The size of this electrostatic 
potential increases with the polarizability of the halogen atom.24 Electron withdrawing 
groups can potentially increase the size of the electrostatic positive region called a σ-hole 
by Clark and coworkers.24 The strength of halogen bonds follows the order C(sp3)-X < 
C(sp2)-X < C(sp)-X.25 As fluorine is substituted for hydrogen atoms going from CH2FCl 
to CF3Cl the σ-hole increases in size.
26 Thus halogens become electron deficient sites.27  
A halogen bond donor is a Lewis acid and a halogen acceptor is a Lewis base.16 
An increase in Lewis basicity in a halogen bonding acceptor will aid in the formation of 
halogen bonds.20 Anions can be better halogen bond acceptors than neutral species, while 
nitrogen atoms act as stronger halogen bond acceptors than oxygen and sulfur atoms.28,29  
Competition between hydrogen bonding and halogen bonding can be in favor of 
either interaction.  Sandorfy et al. showed that solute-solute hydrogen bonds can be 
broken through the introduction of a species capable of significant halogen bonding.30,31 
The ability of halogen bonds to break hydrogen bonds increases moving from fluorine to 




History of the Halogen Bond 
 The earliest known complex that involves halogen bonding was reported by 
Guthrie in 1863 and involved addition of iodine to a saturated ammonium chloride 
solution.33 By 1896 Remsen and Norris showed that amines tend to form adducts with 
bromine and chlorine.34 Early experiments suggested complex formation with a change in 
color to the solution. It was not until Hassel used X-ray crystallography to elucidate a 
molecular complex involving bromine and dioxane that a halogen bond was observed.35 
The bond distance between bromine and an oxygen atom (2.71 Å) in dioxane was smaller 
than the sum of the nuclei’s van der waals (3.35 Å) radii,36 which indicated that some 
interaction was occurring. The O•••Br-Br angle is nearly linear. After the study of several 
crystals structures Hassel and coworkers concluded that this must involve a charge 
transfer from the donor to the acceptor atom.35 It was Milliken who developed a 
classification system for the donor-acceptor complexes.37  
Several names were used in an attempt to describe the D•••XY interaction. In 
1904 Sir Oliver Lodge38 described the halogen bond as “stray feeler lines of force,” while 
by 1939 Ira Remsen described it as “full stop to thought.”39 It was not until the 1950’s 
when Robert Mulliken37 and Odd Hassel35 described these interatctions as “charge 
transfer interactions” that a more accurate picture was being described. By 1968 Henry 
Bent wrote an exhaustive review on donor acceptor interactions where he described the 
halogen bond as “incipient valence shell expansions.”40  
Dumas questioned the methodology of early experiments and thus questioned the 
existence of a “halogen bond” in the early eighties.41 During this time the interaction was 
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known to exist but not much was known about it. Later during the nineties Legon used 
the term “chlorine bond” while studying dihalogens (XY) and Lewis bases (B).42 He 
observed the similarities between hydrogen bonding B•••HY interactions and B•••XY.   
 
Refined Halogen Bond Definition 
Metrangolo pointed out as recently at 2006 that there still seems to be some 
confusion with the definition of halogen bonding.43  Recently, Cheng et. al. refer to 
metal-halogen interactions as halogen bonds.44 Though some authors such as Gibb45 and 
Berg46 term C-H•••Cl-R interactions correctly as hydrogen bonds, some authors such as 
Glaser47 refer to such interactions as halogen bonds.  
Halogen bonds occur between halogen atoms as well. Murray-Rust and coworkers 
described C-X•••X interactions based on their angle.48 Type I has an angle θ1 or θ2 = 90° 
while type II has θ1 or θ2 = 180°, and type III has θ1 = θ2 with the halogens related by an 
inversion center. Desiraju et al.49 simplified this definition by describing two types. Type 
I has θ1 = θ2 and type II has θ1 ≈ 180° and θ2 ≈ 90°, Figure 1.2.  
A halogen bond as concerned with this body of work is defined as a C-D•••X 
interaction where bond distance between D•••X is less than the sum of the Van der Waals 
radii for D and X. The C-D-X angle is between 160° - 180° and the C-C-D angle is 
between 90° - 120°, Figure 1.3.  
 













Figure 1.2 Angular schematic of halogen-halogen interactions. Type I interaction, ϴ1 = 





































Aryl-aryl interactions can occur in three conformations, edge to face (EF), vertex-
to-face (VF) and offset face to face (OFF), figure 1.2. Crystalline benzene exhibits a 
herringbone motif due to the EF interaction.50  Hydrogen can be viewed to have a partial 
charge of δ+ while carbon has a δ- partial charge.51,52 The EF motif is the result of 
partially positive hydrogen atoms of one ring attracted to the partially negative carbon 
atoms of the other. The VF motif is similar to EF but has a single hydrogen atom points 
toward the center of another phenyl ring. The OFF motif allows the overlap of hydrogen 
from one ring to overlap carbon atoms of the other.52  
Dance and Scudder in 1995 showed the prevalence of the phenyl embrace in 
triphenylphosphine and tetraphenylphosphine materials.53 Two Ph3P groups are attracted 
to each other from the triphenyl side of the molecule such that each phenyl ring 
participates in an EF motif. Because the three phenyl rings on each Ph3P molecule are in 
between the three phenyl rings of the other molecule, they form a sextuple phenyl 
embrace (SPE), figure 1.3. The P•••P distance is less than 7.5 Å with a M-P•••P angle 
between 160-180°. This results in an attraction of about 60-85 KJ mol-1.53 Ph4P
+ cations 
exhibit the SPE as well with the fourth phenyl ring directed away from the rotor 
conformation of the remaining three phenyl groups.54 Though Ph4P
+ cations are thought 
to be repulsive in nature, the coulombic interaction between phenyl rings is more 
prevalent.55 Phenyl embraces occur in (PPh4)
+ cations where all four phenyl groups 
participate in the phenyl embrace. Ph4P









                                                  
Figure 1.4 Face-to-Face phenyl embrace, OFF (Top), edge-to-face, EF (Bottom Left), and 
vertex-to-face, VF (Bottom Right) 
~5.0 Å 
~5.0 Å 




























Figure 1.5 Side view (top) and perpendicular view, viewed along the P•••P vector 









linear chains through phenyl embraces.55 Phenyl embraces are potentially important 
wherever they are possible. 
 
Mechanochemistry 
 The first recorded example of mechanochemistry is the production of quicksilver 
or mercury from cinnabar and vinegar ground together in a brass mortar and pestle.56 
Later in 1820, Michael Faraday reduced silver chloride to silver via grinding AgCl with 
Zn, Cu, Sn, or Fe in a mortar.57,58 The late 19th century saw the first example of 
cocrystallization via mechanochemistry through the formation of quinhydrone.59 
Quinhydrone is a cocrystal with hydroquinone and quinone linked by HBs.59 Etter and 
coworkers60, as well as Patil and Curtin61 showed that mechanochemical crystallization 
provides molecular recognition cocrystals that can also be produced from solution.62 Etter 
et. al. ground 9-methylthymine and 1-methylthymine forming the Hoogsteen base pair 
that can be produced from solution as well.62 Patil et al.61, Toda et al.63, and 
Hollingsworth et al.64 demonstrated that mechanochemical synthesis can produce 
products that are not accessible through traditional solvent-based cocrystallization. 
Examples of products not accessible through solvent-based cocrystallization techniques 
are rare, but a more recent example is the formation of a 1:1.5 polymorph of racemic bis-
β-napthol and benzoquinone. Kuroda and coworkers named this form I. Form II is the 1:1 
structure achieved through traditional solvent crystallization. A form III is produced 
when the melt of the two components is cooled.65  Recently Braga utilized 
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mechanochemistry for the synthesis of multicomponent hydrogen-bonded crystals of 
organometallic complexes.66-68  
 Advantages of mechanochemistry are the ability to perform reactions without 
solvent. This can aid in the achievement of green chemistry targets.69 Single component 
systems can lead to the thermodynamically stable polymorph.70 Traditional crystallization 
techniques requiring solvent have the added problem of solubility matching. If one 
component is more soluble than the other then the less soluble component may crystallize 
without the other components. Solvent also may result in the formation of solvates. 
Disadvantages also exist for mechanochemistry. The elucidation of crystal structures 
becomes a problem due the formation of powder rather than X-ray quality single crystals. 
The degree of a compound’s crystallinity can be changed by grinding leading to 
physiochemical changes.71,72    
 The mechanism of cocrystallization during grinding has been recently studied. 
Two different techniques are available for cocrystallization through grinding. Neat 
grinding also known as dry grinding is the grinding of components with a mortar and 
pestle or by mechanical means. The second technique is liquid assisted grinding73, 
sometimes referred to as kneading.66 In the past liquid assisted grinding was called 
solvent-drop grinding but is no longer used because it implies a particular mechanism.74  
The liquid in liquid assisted grinding can have multiple functions thus the term “liquid 
assisted” grinding does not imply a bias toward a specific mechanism.75 The term 




Mechanism of Neat Grinding 
Neat grinding cocrystallization is described different mechanisms with each 
involving a different intermediate phase. The three mechanisms are molecular diffusion, 
eutectic formation,76 and cocrystallization mediated through an amorphous phase.77 The 
intermediate phase should have improved mobility or higher energy of reactant molecule 
with respect to their starting forms.78  
 Molecular diffusion will likely occur where one or both reactants exhibit 
significant vapor pressure. Cocrystallization can be expected to occur even before 
mechanochemical agitation. Rastogi and coworkers showed this mechanism through the 
formation of picric acid and aromatic hydrocarbon cocrystals.79 Kuroda et al. 
demonstrated that a reaction with significant vapor pressure could proceed to product 
formation without the aid of ball milling as seen in the cocrystallization of p-
benzoquinone and 2,2’-biphenol.80 The reaction proceeds for about 60 hours before 
mechanical assistance is required to complete the reaction.80 Fresh surfaces available for 
molecular diffusion on reactant crystals are required for the reaction to proceed. This is 
supported by experiments where biphenol crystals were exposed to p-benzoquinone 
vapor and preceded to product formation. Mechanochemical agitation increases the 
reaction rate by exposing fresh reactant surfaces and mixing the reactants.80 
 The formation of a eutectic is a second mechanism seen through the work of 
Chadwick et al. Diphenylamine and benzophenone cocrystals were produced through a 
eutectic melt. The cocrystals are held together via a single hydrogen bond.76 Mixing 
diphenylamine and benzophenone produces a yellow cocrystal within one minute at the 
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interface. Microscopic observation between two macroscopic single crystals revealed the 
melting of the surface that continues until most of the mixture is converted to a liquid at 
room temperature.76  
 Neat grinding mediated via an amorphous phase is the most likely mechanism in 
the absence of a mass transfer pathway as with materials held together by strong 
intermolecular interactions. Willart and Decamps demonstrated through single 
component systems that if the material is ground below the glass transition temperature it 
results in vitrification. If grinding occurs near or higher than the glass transition the 
material forms a metastable polymorphic form.81,82 Seefeldt and coworkers ground 
carbamazepine and saccharin below the glass transition temperature. The mixture forms 
an amorphous phase that produced the cocrystals upon standing at room temperature. 
However, grinding the reactants at room temperature results in partial cocrystallization as 
well as a partial amorphous phase. Cocrystal formation proceeds towards completion 
upon resting at room temperature for a long period of time.83  
  The formation of a cocrystal can be mediated by an intermediate liquid phase that 
becomes part of the cocrystal and eventually disappears as the reaction nears completion. 
This technique often leads to solvate structure and is useful when searching for three 
component cocrystals. This is observed in the cocrystal hydrate of theophylline and citric 
acid. When ground together in equamolar ratios it results in a 1:1:1 cocrystal hydrate.84 
Hydrogen bonded systems are not the only examples of cocrystals being mediated 
through a liquid phase. Cinčić and coworkers have published several examples of 
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halogen-bonded cocrystals in which at least one component is liquid.85 The liquid 
component enhances molecular diffusion.      
  
Liquid Assisted Grinding 
 Cocrystallization can occur with assistance of a liquid. In this case the liquid does 
not become part of the cocrystal and has a more catalytic role86 and there is no loss of 
liquid during the reaction except when ground with a mortar and pestle. The liquid is 
thought to induce molecular diffusion.86  
 Traditional solvent-based cocrystallization requires the two components to be 
equally soluble. Liquid assisted grinding uses a small amount of solvent thus rendering 
the solubility of each component insignificant.87 Cocrystallization of theobromine and 
malonic acid was not possible due to the low solubility of theobromine in common 
organic solvents.88 Liquid assisted grinding, however, does produce a 1:1 cocrystal of 
theobromine and malonic acid.  
 The chemical nature of the liquid phase can determine the outcome of 
cocrystallization. Trask, Motherwell, and Jones demonstrated that polymorphic control of 
cocrystals of caffeine and glutaric acid can be obtained through the liquid phase. If non-
polar solvents are used, polymorph I is the dominate form. If polar solvents are used, then 
polymorph II is produced. Traditional slow evaporation of solvent produces both 
polymorphs.89 
 The liquid phase can also template two component hydrogen bonded frameworks. 
Dioxane acts as a template for a cocrystal of Β-caffeine and succinic acid. Dioxane 
18 
 
becomes a disordered guest molecule while not being involved in the hydrogen bonded 
framework of the other two components.73  
 
Scope of this Dissertation 
 This dissertation will explore the themes presented above applied to the following 
chapters discussing different but related XB cocrystals. The following chapters follow a 
general materials and methods chapter and are followed by a general conclusion.  
 The third chapter discusses the structures and mechanochemistry of nitrogen 
acceptors, 4,4’-dimethyl-2,2’-bipyridine, quinoxaline, 4,4’-bipyridine, and phenazine 
paired with organoidide donors. Donor molecules used to form XB cocrystals with the 
above mentioned acceptors are 1,4-diiodotetraflurobenzene (1,4-F4DIB), 1,4-
difluorotetraiodobenzene (1,4-F2TIB), 4,4’-diiodooctofluorobiphenyl (4,4’-F8DIBPh), 
and diiodine (I2).  
Then, shifting to bis(diphenylphosphinedisulfide/diselenide) alkanes, dppnE2, E = 
S, Se, with the alkane chain varying from n = 2 to n = 5 and various organohalide donors 
such as tetraiodoethylene (TIE), 4,4’-F8DIB, and I2. The influence of alkyl chain length 
and phenyl embrace interactions on structure will be discussed. A few nitrogen based 
donors specifically tetrapyridalpyrazine with organohalide acceptors will be discussed as 
well. The mechanochemistry as well as thermal analysis is discussed as well. 
In the fifth chapter, the XB, phenyl embrace interactions, and mechanochemistry 
are discussed for bis(diphenylphosphine) ethane, dppe, paired with an organoiodides 
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donors such as 1,4-F4DIB and 1,4-F4DBrB. This chapter will compare dppe with dppeE2, 
E = S or Se, acceptors. The dppeE2 acceptors form XB cocrystals TIE.  
Related to the nitrogen based acceptors, cocrystals of tetrapyridylpyrazine (TPPZ) 
is discussed. Donor molecules such as 1,4-F4DIB, 1,4-F2TIB, and 4,4’-F8DIBPh are used 
to form cocrystals with TPPZ. TPPZ can take one of many conformations. The 
conformation of TPPZ has some influence on the motif of the cocrystals structure. The 
mechanochemistry and phenyl embrace type interactions are discussed as well. 
Finally, tetraalkylammonium, [N(CnH2n-1)4], iodides with an organoiodide donor 
molecule and I2 form cocrystals that can lead to potential use in dye-sensitized solar cells 
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Single Crystal X-ray Diffraction   
 
Good quality single crystals were selected visually and then used for crystal 
structure determination. Crystals were mounted on a glass fiber with vacuum grease. The 
temperature that data was collected was 207 K. A Rigaku AFC8S diffractometer 
equipped with a graphite monochromator to produce Mo Kα radiation ( λ = 0.71073 Å), 
coupled with a Mercury CCD detector at 173 ± 1 K was used (unless otherwise 
specified).  
Crystalclear software by Molecular Structure Corporation (MSC) was used with a 
reciprocal resolution of (sinθ/λ)max = 0.69Å
-1. Each image was recorded with an ɷ scan of 
0.5° with an X-ray exposure of 20-30 seconds depending on the diffraction quality of the 
crystal. A total of 480 images were collected over the span of 6-20 hours depending on 
the intensity of diffraction peaks. The integration of all observed reflections were used to 
refine and determine the final unit cell. Lorentz and polarization effects were corrected. 
Crystalclear performed data reduction, intensity analysis, and space group determination. 
The SHELXTL program was used to determine heavy atom coordinates. A difference 
map was used to determine atomic coordinates for light atoms. Least-squares full-matrix 
methods were useed to refine thermal parameters. Hydrogen atoms were calculated for 
optimal positions. (Unless otherwise described)  
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Halogen bonding interactions were verified if the contact distance between the 
electron donor and electron acceptor was shorter than the sum of their associated Van-
der-Waals radii.1  
 
Powder X-ray Diffraction 
Bulk sample purity was determined by powder X-ray diffraction using a Rigaku 
Ultima IV X-ray diffractometer with Cu Kα1 radiation (λ = 1.54060 Å). Powder X-ray 
diffraction patterns were calculated from the single crystal solution using the program 
PCW.2 The calculated powder patterns were then used for comparison with the 
experimentally determined pattern.  
 
Thermal Analysis 
Both thermal gravimetric analysis (TGA) and differential scanning calorimetry 
(DSC) were performed using a TA instruments SDT Q600. Sample masses ranged from 
2-10 mg. Samples were heated from 25 °C to 500 °C with a rate of 10 °C/min. TA 
Universal Analysis software package3 was used for data analysis. The position of 
endotherms and exotherms were used to determine thermal events.  
 
Materials and Methods 
Chemicals were purchased from Sigma-Aldrich or Alfa Aesar chemical 
companies and used as received. Solvents were purchased from various chemical 
companies. Carbon, hydrogen and nitrogen elemental Analysis (EA) was performed 
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using a PerkinElmer Series II CHNS/O Analyzer 2400. Sample sizes ranged from 2-5 
mg.  
 
Synthesis of Halogen Bonded Complexes 
Complexes were grown using slow evaporation, cosublimation, or vapor diffusion 
crystallization techniques. The starting materials were dissolved in a solvent then sealed 
within a larger container with a desiccant, typically petroleum jelly. The capture of the 
solvent by the desiccant was the driving force for the solvent to leave the container with 
the donor and acceptor allowing them to crystallize. The desiccant must be highly soluble 
in the solvent used to dissolve the starting materials and must not be volatile itself. One 
such system used is methylene chloride and petroleum jelly. Methylene chloride has a 
relatively high vapor pressure and evaporates quickly. The addition of the petroleum jelly 
slowed the evaporation of methylene chloride giving better quality crystals. The donor 
and acceptor were dissolved in methylene chloride and placed within a jar with a screw 
lid. Petroleum jelly was placed in the jar surrounding the vial possessing the donor and 




Bulk synthesis from powder was be performed by ball milling the desired starting 
materials with specific stoichiometric ratios, typically with 0.1000 g total mass from all 
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starting materials, though more or less total mass can be used. All samples were ball 
milled using a Wig-l-bug equipped with a one-minute timer.4  
Cocrystal formation required varying amounts of grinding time, depending on the 
precursors used and how easily the cocrystal forms. A small amount of solvent was used 
for solvent-assisted grinding.5 Various solvents were placed within a steel vial with the 
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  Nitrogen heterocycles have been used in a variety of halogen bonded complexes 
including single molecule magnets1, liquid crystals2, metal-organic-frameworks3, as well 
as supramolecular tectons.4,5 Tectons, derived from the Greek for builder, are molecules 
with sticky sites.6-8 Though halogen bonding, hydrogen bonding, π-π stacking and other 
weak interactions are considered to drive self-assembly, the truth is more complex than a 
simple supramolecular interaction controlling the overall supramolecular architecture. A 
more accurate description lies with a combination of two or more non-covalent 
interactions acting in concert to provide the final supramolecular structure that is 
observed.9 Often, more than one supramolecular synthon exists within a structure and 
these must work cooperatively or else co-crystallization does not occur.  
 The orientation of nitrogen atoms within the donor molecule direct the overall 
motif of the cocrystal. For example, 1,4-diiodotetrafluorobenzene (1,4-F4DIB) can only 
form simple adducts or chain structures, while tetraiodoethylene (TIE) provides potential 
for chelation that can lead to stronger interactions. TIE can be amphoteric, acting as both 
an acceptor and donor, providing more complex motifs as observed in 1,2-bis(4-
pyridyl)ethylene•TIE10 (bpe•TIE) providing a 3D structure through both XB between 







 Structures of nitrogen based acceptors reported in this chapter include the 
following: 4,4’-Me2-2,2’-bpy•1,4-F4DIB, Quinox•I2, Quinox•CHI3, Quinox•4,4′-F8DIB, 
4,4′-bipyridine•4,4’-F8DIBPh,  Phenazine•4,4’-F8DIBPh, Phenazine•1,4-F2TIB, Scheme 
3.1. Crystallographic data for these structures are given in Table 3.1, and the distances 





















     
         4,4’-Me2-2,2’-bpy     Quinox 
 
            





          1,4-F4DIB                         1,4-F2TIB                                       4,4’-F8DIB 
 
 
     
   diiodine 
                  












Formula  I2F4N2C16H8 I2N2C8H6 I2F8C20H6N2 
Mw 558.05 383.95 680.07 
Space 
Group 
Aba2 P2/c P21/c 
a/Å 13.280(12) 4.273(3) 8.3239(15) 
b/Å 18.520(15) 11.608(1) 7.0027(16) 
c/Å 15.279(18) 10.0611(9) 34.645(6) 
α/deg 90 90 90 
β/deg 90 93.99(4) 93.26(9) 
γ/deg 90 90 90 
V/Å3 3757.5(13) 497.87(14) 2016.2(7) 
Z 8 2 4 
Dc/g cm-3 2.200 2.561 2.240 
μ/mm-1 3.396 6.265 3.203 
Flack 
Parameter 
-0.01(3)   
Transmissn 
Coeff 
0.6302/1.000 0.7062/1.000 0.4546/1.000 
No. of ref. 
unique 
3710 1013 3212 









Ra 0.0324 0.0276 0.0406 
Rall 0.0340 0.0290 0.0448 
WR
b 0.0875 0.0705 0.1012 




















formula I2F8N2C22H8 I2F8N2C24H8 I4 F2N2C18H8 
Mw 706.10 730.13 797.87 
Space 
Group 
P-1 P-1 P21/c 
a/Å 7.961(2) 7.7201(15) 11.440(2) 
b/Å 11.164(3) 12.311(3) 5.3912(16) 
c/Å 12.846(4) 13.595(3) 15.895(2) 
α/deg 105.224(8) 113.89(3) 90 
β/deg 107.346(7) 99.12(3) 98.73(3) 
γ/deg 90.510(5) 94.90(3) 90 
V/Å3 1046.8(5) 1150.3(4) 969.0(3) 
Z 2 2 2 
Dc/g cm-3 2.240 2.108 2.735 
μ/mm-1 3.089 2.815 6.455 
Transmissn 
Coeff 
0.7699/1.000 0.5568/1.000 0.8372/1.000 
No. of ref. 
unique 
3947 3825 1908 









Ra 0.0301 0.0603 0.0234 
Rall 0.0348 0.0691 0.0276 
WR
b 0.0651 0.1617 0.0442 






































   2.920(2) 0.827 178.8(3) 121.0(1) 
 
quinox•2CHI3





























































Mechanosynthesis for all cocrystals was performed by adding stoichiometric amounts of 
both donor and acceptors into a ball mill and ground for 10 minutes. After grinding the 
powder recovered was characterized by XRD. 
 
Structure of 4,4’-Me2-2,2’-bpy•1,4-F4DIB  
 4,4’-Me2-2,2’-bpy•1,4-F4DIB crystallizes in the orthorhombic space group, Aba2, 
with a flack parameter of -0.010(33) with eight formula units per cell. A wedge angle is 
observed between XB chains running along the c-axis which only points in the negative 
direction of the c-axis, Figure 3.1. The asymmetric unit consists of one molecule of both 
XB donor and XB acceptor, each situated in a general position. The 4,4’-Me2-2,2’-bpy 
molecule has a torsion angle of 9.09(7) ° between pyridine rings. The 1,4-F4DIB 
molecule is planar to within 0.007(3) Å.  
Nitrogen•••iodine halogen bonding links donor and acceptor molecules into step-
like chains (Figure 3.2). The donor and acceptor have a torsion angles between the ring 
planes of each molecule of 5.12(5) ° and 5.20(5) °. The XB donor is linked to the 
neighboring chain through π-stacking with a neighboring XB acceptor with a distance of 








4,4’-Me2-2,2’-bpy•1,4-F4DIB has an onset temperature of 122 °C will loss of 
both donor and acceptor molecules. Pure 4,4’-Me2-2,2’-bpy melts at 174-176 °C and 1,4-











Figure 3.1 4,4’-Me2-2,2’-bpy•1,4-F4DIB A wedge angle is observed between XB chains 










Figure 3.2 4,4’-Me2-2,2’-bpy•1,4-F4DIB Acceptor and donor connectivity forming a 


















Figure 3.3 4,4’-Me2-2,2’-bpy•1,4-F4DIB Packing along the b-axis displaying layers 

















Structure of Quinox•I2-A 
 Quinox•I2-A reported by Bailey et. al.11 in 1997 crystallizes in the orthorhombic 
space group, Pbca, with eight formula units per cell. The asymmetric unit consists of a 
molecule of quinox and a molecule of I2 located on general positions. The I2 molecule has 
an I-I distance of 2.724(1) Å. The quinoxoline molecule is planar to within 0.03 (2) Å. 
 Nitrogen•••iodine halogen bonding links donor and acceptor molecules into linear 
chains. The XB acceptor is linked to neighboring XB chains through π-stacking between 
acceptor molecules with an interplanar spacing of 3.5(1) Å. 
 
Thermal Analysis 
Quinox•I2-A has an onset temperature of 99 °C, higher than that of pure 
quinoxoline, 50 °C. Due to the volatile nature of both quionx and I2 molecules they are 











Structure of Quinox•I2-B1 
Quinox•I2-B crystallizes in the monoclinic space group, P2/c, with two formula 
units per cell. The asymmetric unit consists of half a molecule of quinox located on a C2 
axis at (½, 0.198, ¼) and half a molecule of I2 located on a C2 axis at (0, 0.311 , ¾). The 
I2 molecule has a I-I distance of 2.7255(6) Å. The quinoxoline is planar to within 
0.007(3) Å.  
Nitrogen•••iodine halogen bonding links donor and acceptor molecules into linear 
chains (Figure 3.4). The XB acceptor is linked to neighboring XB chains through π-




Quinox•I2-B has an onset temperature of 82 °C, higher than that of pure 
quinoxoline, 50 °C. Due to the volatile nature of both quionx and I2 molecules they are 
both lost simultaneously 
 
 
                                                 

























The orthorhombic polymorph was grown from slow evaporation of ethanol while 
the monoclinic form was grown from cosublimation. 
Mechanochemical synthesis of quinox•I2 was carried out using an electric ball 
mill with 10 minutes of grinding resulting in the orthorhombic polymorph only, figure 
3.6.  Quinox•I2-A and quinox•I2-B form have similar XB strength with a NXD of 0.809 
and 0.789, respectively. The I-I distance for both Quinox•I2-A and quinox•I2-B is 
2.724(1) Å and 2.7255(6) Å, respectively, and is close to that seen in molecular iodine, 
2.715 Å13. Both polymorphs form extended chains of alternating donor and acceptor with 
the difference lying in the stacking of both the donor and acceptor molecules. The 
monoclinic polymorph aligns I2 molecules along the a-axis stacked one above the other. 
Conversely the orthorhombic polymorph stacks I2 molecules as well but the molecules 
are staggered. Monoclinic quinox•I2 has an interplanar spacing of 3.47(2) Å with a 
dihedral angle between planes of 0(1) ° related by a mirror plane and the orthorhombic 
quinox•I2 has an interplanar spacing of 3.51(13) Å dihedral angle of 7(1) ° related by an 
a-glide.  Both polymorphs have extended chain motifs. The packing of the chains is 
different with the donor molecules stacked over one another and the same for the 
acceptor molecules. The orthorhombic polymorph has donor molecules stacked with a 
half a molecule shift along the b-axis.  
The acceptor molecules in quinox•I2-A have a dihedral angle of 68.3(5) ° to the 
neighboring acceptor molecules in the adjacent XB chain related by translation. The 






Figure 3.6 Quinox•I2-A Packing of XB chains (above) and view normal to XB chains 
(below). 
68.32(49) ° 7(1) ° 
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acceptor molecules in adjacent XB chains of 0.0(5) ° related by translation along the b-




















Figure 3.7 Quinox•I2-B View of packing along the XB chain (Top) and view normal to 
XB chain (bottom) 
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Structure of Quinoxaline•4,4’-F8DIB 
 Quinox•4,4’-F8DIB crystallizes in the monoclinic space group, P21/c, with four 
formula units per cell. The asymmetric unit consists of one molecule of the acceptor and 
donor located on a general positions. The 4,4’-F8DIB molecule has a torsion angle of 
55.1(2) °. The quinoxaline molecule is planar to within 0.012(7) Å.  
Nitrogen•••iodine halogen bonding links donor and acceptor molecules into 1:1 
(A:D) chains (Figure 3.8). The donor planar ring has a torsion angle to the acceptor ring 
of 62.55(19) ° and 45.2(2) °. The XB donor is linked to the neighboring chain through π-
stacking with a neighboring XB acceptor with a distance of 3.4(2) Å (Figure 3.9). 
 
Thermal Analysis 
 Quinox•4,4’-F8DIB has an onset temperature of 109 °C attributed to the loss of 
quinoxaline. Pure quinoxaline melts at 29-32 °C. A second onset temperature is observed 
at 150 °C with the loss of 4,4’-F8DIB. Pure 4,4’-F8DIB melts at 140-142 °C. The 






















Figure 3.9 Quinox•4,4’-F8DIB Pi-stacking with a planar distance of 3.4(2) Å (a) and a 







Structure of 4,4’-bipyridine•4,4’-F8DIB 
 4,4’-bipyridine•4,4’-F8DIB crystallizes in the triclinic space group, P-1, with two 
formula units per cell. The asymmetric unit consists of one molecule of the acceptor and 
donor located on a general positions. The 4,4’-F8DIB molecule has a torsion angle 
between benzene rings of 61.80(8) ° and 4,4’-dipyridine has a torsion angle between 
pyridine rings of 54.16(9) °.   
Nitrogen•••iodine halogen bonding links donor and acceptor molecules into 1:1 
(A:D) chains (Figure 3.10). The XB acceptor is linked to a neighboring chain through π-
stacking with an interplanar spacing of 2.80(7) Å and a dihedral angle between planes of 
6.42(17) °(Figure 3.11). The acceptor has a dihedral angles of 55.42(9) ° and 60.53(9) ° 
to benzene ring of the donor molecule.  
 
Thermal Analysis 
 4,4’-bipyridine•4,4’-F8DIB has an onset temperature of 204 °C attributed to the 
loss of both donor and acceptor molecules. The melting point of pure 4,4’-bipyridine is 













Figure 3.11 4,4’-bipyridine•4,4’-F8DIB Packing diagram viewed along the b-axis with 

















Structure of Phenazine•4,4’-F8DIB 
 Phenazine•4,4′-F8DIB crystallizes in the triclinic space group, P-1, with two 
formula units per cell. The asymmetric unit consists of one molecule of the donor located 
on a general position and two half-molecules of the acceptor located at inversion centers 
located at (1.5, 1, 1) and (0, 0, -½). The 4,4′-F8DIB molecule has a torsion angle of 
54.15(24) °. Each phenazine molecule is planar to within 0.0123(75) Å and 0.0082(76) 
Å. 
Nitrogen•••iodine halogen bonding links donor and acceptor molecules into 1:1 
(A:D) chains (Figure 3.12). The donor is XB to the acceptor with dihedral angles between 
the donors benzene ring and the acceptors benzene ring of 50.1(6)° and 57.5(7) °. The 
XB donor is linked to the neighboring chain through π-stacking with a neighboring XB 
acceptors with an interplanar spacing of 3.47(8) Å and a planar torsion angle of 4.1(5) °. 
The donor is π-stacked with a neighboring donor molecule with an interplanar spacing of 
3.70(9) Å and an angle of 0.0(5) ° between planes (Figure 3.13). 
  
Thermal Analysis 
 Phenazine•4,4′-F8DIB has an onset temperature of 178 °C attributed to the loss of 
both donor and acceptor molecules. The melting point of pure phenazine is 172-176 °C 
and pure 4,4’-F8DIB is 140-142 °C. Loss of either component is delayed until the melting 





































Structure of Phenazine•1,4-F2TIB 
 Phenazine•1,4-F2TIB crystallizes in the monoclinic space group, P21/c, with two 
formula units per cell. The asymmetric unit consists of half a molecule of phenazine 
located on an inversion center at (½, ½, ½) and half a molecule of 1,4-F2TIB located on 
an inversion center at (0, ½, ½). The phenazine molecule is planar to within 0.020 (3) Å 
and the 1,4-F2TIB molecule is planar to within 0.005(2) Å. 
Nitrogen•••iodine halogen bonding links donor and acceptor molecules into 1:1 
(A:D) chains (Figure 3.14). The XB acceptor is linked to the neighboring chain through 
edge-to-face phenyl interactions with nearby acceptor molecules with a centroid-to-
centroid distance of  5.2(8) Å and a torsion angle of 70.23(19) (Figure 3.15). Donor and 
acceptor chains are linked through four I•••I XBs involving two iodine atoms on the 
donor molecules with a distance of 3.6932(6) Å and a C-I•••I angle of 168.61(9) °, 
figure 3.13.  
 
Thermal Analysis 
 Phenazine•1,4-F2TIB has an onset temperature of 207 °C attributed to the loss of 
both donor and acceptor molecules. The melting point of pure phenazine is 172-176 °C 
and pure 1,4-F2TIB is 255-260 °C. Loss of both components of the cocrystal occur 




















Figure 3.15 Phenazine•1,4-F2TIB, Donor XB interactions (Top) Packing diagram viewed 





 A CCDC search for N•••I contacts involving the organoiodine/I2 donors are 
listed in Table 3.3. The predominant motifs are chains and adducts. Motifs involving 1,4-
F4DIB and 4,4’-F8DIB donors are primarily chains. Structures involving N-
heterocycle•••I contacts range from simple adducts if only a single N is available such as 
2(acridine•I2)•I214 to 1D chains if N is located on opposite sides of the acceptor molecule 
such as Pyrazine•I215, bpe•DIB10 and bpy•DIB10. Other structural motifs include 2D 
sheets16 for organohalide donors such as tetraiodoethylene (TIE). 
 I2 favors 1D XB chains whereas TIE in quinox•TIE
16 provides opportunities for 














Table 3.3 Known Nitrogen acceptors XB to donors in Scheme 3.1. 



























































































































2.845 0.806 169.051 Chain 
QIHCOZ01 Hexamethylenetetramine 1,4-di-
iodotetrafluorobenzene 
2.806 0.795 168.529 Chain 
RUWVOV 1,9,12,20,23,31,34,42-
octaazanonacyclo-[40.2.2.29,12 







































Average NXB for 1,4-F4DIB donor cocrystals 0.81(3)   
IFOQUI01 Iodoform triquinoline 2.980 0.844 176.39 Adduct 
CEWMOG bis(2-Imidazolidinethione) tris(di-
iodine) 
3.409 0.966 129.296 Adduct 
CHXADI10 9-Cyclohexyladenineiodine 3.522 0.998 137.374 Adduct 
HEKZEE 1,4-Diazabicyclo[2.2.2]octane 
diiodo 
2.366 0.670 178.376 Adduct 
HEKZII 1,4-Diazabicyclo[2.2.2]octane 
diiodo chloroform solvate 
2.383 0.675 178.267 Adduct 









































2.542 0.720 177.434 Adduct 
HMTNTI Hexamethylenetetramine tri-iodo-
nitrogen iodine 





























2.593 0.735 177.583 Adduct 





3.134 0.888 166.071 Chain 
EFUGET 1,1'-bis(pyridin-2-ylmethyl)-
1H,1'H-2,2'-biimidazole 



















Average NXB for 4,4’-F8DIB donor cocrystals 0.85(5)  
Known Acceptors XB to I2 or organoiodide 

























































































2.78 0.788 179.191 Chain 















2.815 0.797 179.032 Chain 
QANRUS 4,4'-bipyridyl 1,6-diiodo-
perfluorofluorohexane 
2.839 0.804 177.479 Chain 
QIHBAK 4,4'-bipyridine 1,4-diiodobenzene 3.032 0.859 176.047 Chain 
QIHBEO 4,4'-bipyridine 1,4-
diiodotetrafluorobenzene 
2.851 0.808 177.271 Chain 
QIHBEO01 4,4'-Bipyridine 1,4-di-
iodotetrafluorobenzene 
2.864 0.811 176.949 Chain 
QIHBEO02 4,4'-Bipyridine 1,4-di-
iodotetrafluorobenzene 
2.822 0.799 177.129 Chain 
QIHBEO03 Tetrafluoro-1,4-diiodobenzene 
4,4'-bipyridine 
2.829 0.801 177.04 Chain 
QIHBIS 4,4'-bipyridine tetraiodoethylene 2.944 0.834 169.065 Chain 
SIMHAY 4,4'-Bipyridine 2,4,5,6-
tetrafluoro-1,3-diiodobenzene 
2.901 0.822 175.631 Chain 
VUJTAW 1-Iodo-3,5-dinitrobenzene 4,4'-
bipyridine 












2.816 0.798 178.483 Adduct 
Average NXB for 4,4’-bipyridine acceptor cocrystals 0.82(2)  


















2.97 0.841 175.446 Adduct 
WOJQAN Phenazine tetraiodoethylene 3.066 0.869 173.01 Chain 
XOHWIB Phenazine 
iodopentafluorobenzene 
2.915 0.826 178.103 Adduct 
Average NXB for phenazine acceptor cocrystals 0.86(2)  









































 Relative strength of the XB donors is comparable between donor molecules based 
on the normalized halogen bond distance (NXB). The lower the NXB the stronger the XB 
due to shorter XB distances. The average NXB for the donor molecules is 0.8(1) for I2, 
0.81(3) for 1,4-F4DIB, 0.85(5) for 4,4’-F8DIB, and 0.9(1) for 1,4-F2TIB. The average 
NXB for the acceptor molecules is 0.82(2) for 4,4’-bipyridine, 0.86(2) for phenazine, 
0.85(2) for quinoxaline, and 0.868(8) for 4,4’-Me2-2,2’-bpy. 
The dominant motifs for nitrogen-based acceptors are chains and adducts. Sheets 
are not observed and 3D networks are rare motifs. Table 3.1 lists the halogen bond 
distances and angles for all nitrogen-based cocrystals reported here. Table 3.4 reports the 
NXB for known cocrystals.  
The NXB for 4,4’-Me2-2,2’-bpy•1,4-F4DIB cocrystal is 0.868(8) and is the first 
reported structure containing 4,4’-Me2-2,2’-bpy and an organoiodide donor. The NXB is 
comparable to the average NXB, 0.81(3), observed in 1,4-F4DIB cocrystals. The C-N•••I 
angle deviates from the expected 120 ° in 4,4’-Me2-2,2’-bpy•1,4-F4DIB cocrystal due to 
the torsion angle between the pyridyl rings. A plot of N•••I distance vs. C-N•••I angle, 
figure 3.16, shows that the ideal distance is 2.43 Å which would allow a C-N•••I angle 
of 120 °.  Deviation from the ideal 120 ° within the 4,4՛-Me2-2,2՛-bpy cocrystals is due to 
steric effects from the methyl group coupled with the torsion of the aromatic rings. The 
XB donor in the 4,4’-Me2-2,2’-bpy•1,4-F4DIB cocrystal has a torsion angle of 9.09(7) °. 
A larger torsion angle would accommodate a C-N•••I angle of 120 ° but then the XB 
motif would deviate from the chain motifs. 
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The Quinox•I2-B cocrystal has an NXB of 0.807 indicative of a stronger XB than 
quinox•I2-A, 0.827. Both cocrystals have strong XB and are comparable to the average 
NXB for quinoxaline cocrystals, 0.83(1). The average I/C-I•••N angle is 175(2) ° for 
known quinoxaline cocrystals. The I-I•••N angles for both quinoxaline cocrystals are 
close to linear and comparable to known cocrystals with angles of 178.8(3) ° for 
quinox•I2-A and 176.31(8) for quinox•I2-B.  
The 4,4’-bipyridine•4,4’-F8DIB cocrystal has the strongest XB of all cocrystals 
reported in this chapter with an average NXB of 0.779(5) between both unique XB. The 
average NXB of known cocrystals containing 4,4’-bipyridine is 0.82(2). The average C-
I•••N angle for 4,4’-bipyridine•4,4’-F8DIB is 179(1) ° which is comparable to known 
cocrystals containing 4,4’-bipyridine with an average C-I•••N angle of 175(3) °.  
The phenazine•4,4’-F8DIB cocrystal has an average NXB of 0.84(1) and 
phenazine•1,4-F2TIB cocrystal has an average NXB of 0.9(1).  The average NXB of 
known cocrystals is 0.86(2) making phenazine•4,4’-F8DIB stronger than the 



















The average C-I•••N angle for known phenazine cocrystals is 174(3) °. 
Phenazine•1,4-F2TIB is less linear than the average angle for known cocrystals 
containing phenazine with an average C-I•••N angle of 168.8(3) ° phenazine•4,4’-
F8DIB has a C-I•••N angle comparable to known cocrystals containing phenazine with 
an average C-I•••N angle of 175.9(4) °. 
 All cocrystals with 4,4’-F8DIB form extended chains of alternating donor and 
acceptor. Both phenazine•4,4’-F8DIB and quin•4,4’-F8DIB have similar torsion angles 
between pyridyl rings within the 4,4’-F8DIB molecule while 4,4′-dipyridine•4,4’-F8DIB 
has a larger pyridyl ring torsion angle. 4,4′-dipyridine is similar to 4,4’-F8DIB due to the 
freedom of torsion around the single bond that connects each aromatic portion of the 
molecule.  
 Cocrystals containing 4,4’-F8DIB have comparable NXB with known cocrystals 
with 4,4’-F8DIB as a donor molecule. The average NXB for known cocrystals with 4,4’-
F8DIB is 0.85(5). The C-I•••N angle is similar to know cocrystals with an average angle 
of 171(5) °. 
 The 4,4’-Me2-2,2’-bpy•1,4-F4DIB cocrystal has an average NXB of 0.868(8) 
between both unique XBs making it a strong XB but slightly weaker than known 
cocrystals of 1,4-F4DIB with an average NXB of 0.81(3). The average C-I•••N angle of 
4,4’-Me2-2,2’-bpy•1,4-F4DIB is 172(2) ° and is comparable to C-I•••N angles reported 







 Mechanochemical synthesis is different from solid-state synthesis in that grinding 
does not activate reactants in solid-state synthesis. For synthesis to occur, repeated 
contact with starting materials utilizing a weak interaction must occur.17 The term 
mechanochemistry has seen some debate in the literature with Kaupp defining 
mechanochemistry as the breaking of intramolecular bonds via external force.17 The term 
mechanochemistry was first defined by Gerhard Heinicke in 1984 as “mechanochemistry 
is that branch of chemistry which is concerned with the chemical and physical changes of 
solids which are induced by the action of mechanical influences.”18 Heinicke’s definition 
is a much broader definition whereas Kaupp is attempting to narrow the field of 
mechanochemistry. 
 One of the first uses for mechanical grinding was starting fires with the use of 
flint.17 Now it is known that mechanical grinding can cause explosive decomposition for 
some highly energetic materials such as diazonium salts, glycerol trinitrate, research 
development formula X (RDX), trinitrotoluene (TNT), and 2,4,6-triamino-1,3,5- 
trinitrobenzene (TATB).19  
One of the first mechanochemical reactions was the formation of halogenated 
quinhydrone from chlorinated p-benzoquinone and hydroquinone.20 Later it was 
discovered that mechanochemical reactions could yield complexes that are not produced 
in solution, as seen in the work of Toda et. al.21 The formation of a 2:1 complex of 1,1-
di(o-hydroxypheny1)cyclohexane and 1,4-naphthoquinone was observed from grinding 
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experiments while the 2:1 and 3:2 complexes were observed from solution.21 In the early 
90’s the work of Etter et al.22 demonstrated the use of an electric ball mill called a wig-l-
bug can produce desired cocrystals via grinding as seen in the grinding experiments 
involving 9-methyladenine and 1-methylthymine. The grinding experiments resulted in 
the formation of the same complex produced through solution experiments.22 Because 
halogen bonds are similar to hydrogen bonds, Etter’s work provided guidance for our use 
of mechanochemistry by taking advantage of halogen bonds.   
Grinding reactants requires the shearing and smearing of particles together as first 
demonstrated by Rastogi.23 Choppers are not suitable for mechanochemistry because they 
slice the material but do not force the reactant particles together. 
Solid-state reactions have been defined as reactions occurring between solid 
materials with no interconversion between phases. Mechanochemical reactions likely 
occur through a eutectic phase on the surfaces of the solid reactants.24,25 Rothenberg et. 
al. describes two situations, one where the eutectic point is below ambient temperature as 
observed in 1-indanone and 4-pheynlcyclohexanone and another where the eutectic point 
is above ambient temperature. If the eutectic is higher than ambient temperature then it is 
possible that when product is formed it forms a eutectic lower than that of pure reactant 
materials.25  
All cocrystals were ground neat with 10 minutes of grinding using a wig-l-bug. A 
typical experiment involved loading the appropriate molar ratio of starting materials into 
a steel vial. The mass of the powder loaded into the steel vial was a minimum of 0.1 g 
total weight. The synthesis of cocrystals from grinding provides powder samples that can 
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be used for further characterization. The PXRD results for mechanically grinding the 
nitrogen-based acceptors with various donors are shown in figures 3.17-3.19 and show 













































 Table 3.5 displays the thermal data for all the nitrogen based complexes. The 
volatile nature of quinoxaline and iodoform cause sublimation to occur. Though 
quinoxaline has a very low melting point (29-32 °C) the strength of the halogen bond is 
enough to delay onset of thermal decomposition to 82 °C for quin•I2. This occurs as well 
within the quinox•CHI3 complex with a delayed onset temperature of 92 °C. Quin•4,4’-
F8DIB has an onset temperature of 109 °C which is higher than the other quinoxoline 
based cocrystals. At 150 °C the XB donor is lost. The added fluorine atoms make iodine 
a better XB donor than I2 or iodoform. 
4,4՛-Me2-bpy •1,4-F4DIB has an onset temperature of 122 °C which is higher than 
the onset temperature for pure 1,4-F4DIB, 106 °C.  This is due to 1,4-F4DIB being 
included in a complex, which delays the onset of mass loss because the strength of the 
XB requires more energy to break than the pure donor or acceptor. A 100 % mass loss is 
observed for 4,4՛-Me2-bpy •1,4-F4DIB. 4,4′-dipyridine•4,4’-F8DIB has an onset 
temperature of 204 °C which is higher than both pure donor and acceptor onset 
temperatures with 94 % mass loss.  
Both cocrystals involving phenazine, Phenazine•4,4’-F8DIB and Phenazine•1,4-
F2TIB, have 100% mass loss. Phenazine•4,4’-F8DIB has an onset temperature of 178 °C 
which is higher than both pure acceptor and donor molecules indicative of a strong XB. 
Conversely, Phenazine•1,4-F2TIB has an onset temperature of 207 °C which is higher 




Table 3.4 Thermal Data 
Cocrystal Onset 
Temp (°C) 
% Lossobs % Losscalc Species Lost 




223   1,4-F2TIB 
DMDPYD 
 
168   DMDPYD 
Phenazine16 
 
144   Phenazine 
4,4′-dipyridine 
 
110   4,4′-dipyridine 
4,4’-F8DIB 
 
159   4,4’-F8DIB 
Quinoxaline16 
 
50   Quinoxaline 
Iodoform 
 
139   Iodoform 
4,4՛-Me2-bpy •1,4-F4DIB 122 100 100 All 
 
quinox•I2 82 100 100 All 
 




178 99 100 All 
Phenazine•1,4-F2TIB 
 





















Weak C-H•••F Interactions 
Five of the structures have evidence for weak CHF interactions. CHF interactions 
are more ionic in nature, thus the bond lengths can be slightly longer than the sum of the 
van der Waals radii26 for fluorine and hydrogen due to the electrostatic nature of C-H•••F 
interactions as described by Pauling.27 Howard et al. argue that C-H•••F interactions are 
simply van der Waal interactions.28 In contrast, Thalladi et al.29 argue that C-H•••F 
interactions are topologically similar to other hydrogen bonding interactions. If C-H•••F 
interactions are to be considered a type hydrogen bond then the best set of criteria for 
evidence is provided by IUPAC.30 The evidence needed for hydrogen bond consideration 
is the bond length less than the sum of the van der Waals radii, a C-H•••F angle close to 
180°, with a typical range of 110 ° to 180 °, a red shift in IR due to the lengthening of the 
C-H bond, evidence of H deshielding in proton NMR spectrum, and the thermal energy 
should be lower than the Gibbs free energy of formation.31  
A few of examples of C(sp2)-H as a hydrogen bond donor to a C(sp2)-F acceptor 
have been reported but with only geometrical data as evidence.32-37 Only one example of 
a C(sp3)-H donor has been reported with a C(sp2)-F providing only crystallographic 
evidence for C-H•••F interactions.34  
An example of a C(sp2)-H hydrogen bond donor to a C(sp3)-F acceptor has been 
reported. Lammerman et. al.38 performed second order perturbation analysis by 
calculating chemical shifts for 9-dehydro-9-(trifluoromethyl)-9-epiquinidine to estimate 




Examples of C(sp3)-H donors to C(sp3)-F acceptors have been reported. Chen et. 
al.26 have reported DFT calculations for bilayers of fluorographane resulting in a binding 
energy of 12.9 kJ·mol-1 and a H•••F distance of 2.58 Å. Lu, Francisco, Negishi et. al.39 
performed IR on CH(X)7F(CF2)2CH(X)
1F2 and resulted in a blue shift corresponding to 
the shortening of the C-H bond.  
The XB distance is currently the only evidence for weak C-H•••F interactions in 
the data reported here due to C-H•••F interactions not being the focus of this work. The 
sum of the van der Waals radii for H and F is 2.67 Å.40 Table 3.5 reports the C-H•••F 
distances for all cocrystals reported here. All cocrystals have at least one H•••F distance 















Table 3.5 C-H•••F distance and angles 







































Perfluorinated aromatics have an inverse electron density distribution compared 
to non-fluorinated aromatics. This results in a positive region in the center of the aromatic 
whereas non-fluorinated aromatic have a negative region in the center of the aromatic.41 
Patrick and Prosser were the first to report this type of interaction in 1960 after observing 
aromatic stacking between benzene and hexaflurobenzene.42 Typical centroid-to-centroid 
distances are 3.4-3.8 Å.43,44   
Donors from all cocrystals except phenazine•1,4-F2TIB have aromatic-stacking. 
The aromatic rings align similarly to phenyl ring offset-face-to-face interactions, figure 
3.20. Table 3.6 reports all the aromatic interactions for cocrystals within this chapter. All 
aromatic interactions reported here fall within the 3.4-3.8 Å range observed in the 
literature.  
 

























Table 3.6 π-stacking Interactions  
















quinox•I2-B Offset-Face-to-Face 3.434(6) 0.0(9) 
quinox•I2-A


















































 Six new nitrogen based XB cocrystals have been grown by solvent evaporation 
(or co-sublimation) and can also be synthesized mechanochemically. The structure of 
each cocrystal is dependent upon the geometry of both the donor and acceptor molecules, 
with 1D chains being the most common with the donor and acceptor atoms located on 
opposite ends of the molecule. Cocrystals involving 4,4’-F8DIB will form chains or 
adducts depending on the acceptor molecule. Nitrogen provides only one direction for 
XB motifs due to only one lone pair of electrons being available for XBing. The 
orientation of the acceptor and donor atoms plays a large part in the overall motif. The 
XB synthons observed in the cocrystals reported in this chapter are useful crystal 
engineering tools. 
 Mechanochemical synthesis provides a solvent free method for preparation of 
compounds discussed within this chapter. Grinding of quinox•I2 preferred the 
orthorhombic structure to the monoclinic form. Other grinding experiments for the other 
cocrystals produced the expected structures quickly and without solvent.  
 Thermal analysis of all cocrystals show that most cocrystals loose both donor and 
acceptor simultaneously rather than lose either acceptor or donor in a sequence. 
Acceptors such as quinoxoline are very volatile and have low onset points of mass loss as 
expected. 4,4’-F8DIB does not prove to be more effective than the other donor molecules 
based on NXBs, 0.81(3) and 0.84(2), respectively for 4,4’-F8DIB and other donors 
collectively. All cocrystals have an onset temperature higher than at least one of the pure 
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 Tertiary phosphine sulfides and selenides have been largely used for coordination 
chemistry with palladium, mercury1-6 or tellurium.7 The first tertiary phosphine dihalide 
structures were characterized by X-ray crystallography in 1968.8 A Ph3PS•I2 moiety is 
bridged by an an additional I2 molecule forming a zigzag pattern. Sextuple phenyl 
embraces occur within the complex as well. The only known complexes with 
diphenylphosphino alkane disulfide or diselenide are the 1:2 adducts of dppmS2•I2 and 
dppeS2•I2
9, as well as the 1:2 adducts of dppmSe2•Br2, dppmSe2•I2, dppeSe2•Br2, 
dppeSe2•I2 .
10
 Only dihalides have been studied with a limited alkyl chain length.  
Sulfur- and selenium-based halogen bonds provide more of an opportunity to 
synthesize supramolecular structures with higher dimensionality than the previous 
nitrogen based charge transfer complexes due to the availability of two sets of lone pairs 
on both sulfur and selenium. As a result ring structures are possible. 
Bis(diphenylphosphinodisulfide/diselenide) alkanes provide opportunity for chelation 
with donor molecules such as tetraiodoethylene that can lead to stronger charge transfer 
interactions.  
This chapter will examine a series of bis(diphenylphosphinodisulfide/diselenide) 
alkanes cocrystallized with organoiodides and diiodine. Structure properties can be tuned 
by varying the alkyl chain length. With the added synthons of phenyl embraces, halogen 
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bonded cocrystals can be designed accordingly. Scheme 4.1 displays the donor and 
























  E = S/Se 
Bis(diphenylphoshphinodisulfide/selenide)alkane  
(n=1, dppmE2; n=2, dppeE2; n=3, dppprE2; n=4, dppbuE2; n=5, dpppeE2; n=6, dpphexE2) 
Donors 
        
Tetraiodoethylene (TIE)             1,4-difluoroteteraiodobenzene (1,4-F2TIB) 
     
4,4’-diiodooctofluorobiphenyl  (4,4’-F8DIB)      Iodoform  diiodine 
            (CHI3)  (I2) 
 




 Mechanosynthesis of all cocrystals was performed by stoichiometric amounts of 
both donor and acceptors ground in a ball mill, wig-l-bug, with neat grinding for 10 
minutes. After grinding the powder recovered was characterized through XRD. 
 
Structure of dppprS2•TIE 
DppprS2•TIE crystallizes in the triclinic space group, P-1, with two formula units 
of both TIE and dppprSe2 per cell. The asymmetric unit consists of two half-molecules of 
the XB donor each situated about inversion centers at (0, ½, ½), (½, 1, 0) and one 
molecule of the XB acceptor situated on a general position. The dppprS2 molecule has a 
gauche conformation with a S-P-P-S torsion angle of 85.79(15)°. The phenyl rings 
bonded to the phosphorous atoms form a dihedral angle of 89.67(32)° and 68.6(4)° on 
each end of the dppprS2 molecule. The TIE molecules are planar to within 0.031(8) Å, 
0.013(9) Å.  
Sulfur•••iodine halogen bonding links donor and acceptor molecules into a 3D 
network. Edge-to-face phenyl ring interactions between neighboring chains link the 
acceptor molecules (Figure 4.1). 
 Crystallographic data is given in Table 4.1 and XB distances and angles are listed 







DppprS2•TIE has two thermal events with the first occurring with an onset 
temperature of 145°C with a mass loss of 47% attributed to the loss of TIE. The second 
thermal even has an onset temperature of 320°C with a mass loos of 47% attributed to the 



















Structure of 2dppprSe2•3TIE 
 2dppprSe2•3TIE crystallizes in the triclinic space group, P-1, with three 
formula units of TIE and two formula units of dppprSe2 per cell. The asymmetric unit 
consists of three half-molecules of the XB donor each situated about inversion centers at  
(½, 1, 0), (0, 1, ½), and (0, ½, 0) and one molecule of the XB acceptor situated on a 
general position. The dpprSe2 molecule has a gauche conformation with a Se-P-P-Se 
torsion angle of -88.47(16)°. The phenyl rings bonded to the phosphorous atom form a 
dihedral angle of 87.2(6)° and 86.9(5)° at each end of the dppprSe2 molecule. The TIE 
molecules are planar to within 0.011(14) Å, 0.063(19) Å, and 0.04(4) Å .  
Selenium•••iodine halogen bonding links donor and acceptor molecules into a 3D 
network (Figure 4.2). Edge-to-face phenyl ring interactions between neighboring chains 
link the acceptor molecules (Figure 4.3). 2dppprSe2•3TIE is isomorphous with 
dppprS2•TIE, but with an extra half molecule of TIE occupying tunnels in the lattice. The 
extra half-TIE molecule is distorted.  
 Crystallographic data is given in Table 4.1 and XB distances and angles are listed 
in Table 4.2. 
 
Thermal Analysis 
DppprSe2•TIE has two thermal events with the first occurring with an onset 
temperature of 163°C with a mass loss of 45% attributed to the loss of TIE. The second 
thermal even has an onset temperature of 343°C with a mass loss of 55% attributed to the 











Figure 4.3 2dppprSe2•3TIE packing diagram viewed along the b-axis. 2dppprSe2•3TIE is 
isomorphous with the dppprS2•TIE, but with an extra half-TIE molecule occupying 









Structure of dppbutSe2•TIE 
 DppbutSe2•TIE crystallizes in the monoclinic space group, C2/c, with four 
formula units of both TIE and dppbutSe2 per cell. The asymmetric unit consists of one 
half-molecule of the XB donor situated about inversion center at (¼, ¼, ½) and one 
molecule of the XB acceptor situated about an inversion center at (¼, ¾, ½). The dpprS2 
molecule has a staggered conformation as required by it centrosymmetry with a Se-P-P-
Se torsion angle of 180°. The phenyl rings bonded to the phosphorous atoms form a 
dihedral angle of 84.70(13)°. The TIE molecule is planar to within 0.009(6) Å.  
Selenium•••iodine halogen bonding links donor and acceptor molecules into a 
sheet parallel to the ab-face. A TIE molecule forms XB with four different dppbutSe2 
molecules along the ab-face diagonal. A XB sheet is formed by dppbutSe2 forming XBs 
with four different TIE molecules. Two TIE molecules form a XB to the same selenium 
atom on one end of dppbutSe2. XB sheets are orthogonal related by a 2-fold rotation axis 
parallel to the b-axis (Figure 4.4). Edge-to-face phenyl ring interactions link the XB 
sheets along the c-axis (Figure 4.5). 
 Crystallographic data is given in Table 4.1, and XB distances and angles are listed 










Figure 4.4 dppbutSe2•TIE XB connectivity with TIE. TIE is disordered and shown with 






Figure 4.5 DppbutSe2•TIE, orthogonal dppbutSe2•TIE sheets (Top) are related by a 2-fold 




DppButS2•TIE has two thermal events with the first occurring with an onset 
temperature of 167°C with a mass loss of 55% attributed to the loss of TIE. The second 
thermal even has an onset temperature of 346°C with a mass loss of 45% attributed to the 




















Structure of 2dpppenS2•TIE 
DpppentS2•TIE crystallizes in the triclinic space group, P-1, with one formula 
unit of TIE and two formula units of dpppentS2 per cell. The asymmetric unit consists of 
one half-molecule of the XB donor situated about an inversion center at (½, ½, ½) and 
one molecule of the XB acceptor situated on a general position. The dppentS2 molecule 
has a gauche conformation with a S-P-P-S torsion angle of 83.65(10)°. The phenyl rings 
bonded to the phosphorous atoms form a dihedral angle of 74.65(21)° and 63.55(17)° on 
each end of the dpppentS2 molecule. The TIE molecule is planar to within 0.018(6) Å.  
Sulfur•••iodine halogen bonding links donor and acceptor molecules into a 1D 
chain through only one sulfur atom in the dpppentS2 molecule (Figure 4.6). Edge-to-face 
phenyl ring interactions between neighboring chains link the acceptor molecules (Figure 
4.7). 
 Crystallographic data is given in Table 4.1 and XB distances and angles are listed 
in Table 4.2. 
Thermal Analysis 
DpppentS2•TIE has two thermal events with the first occurring with an onset 
temperature of 168°C with a mass loss of 32% attributed to the loss of TIE. The second 
thermal even has an onset temperature of 366°C with a mass loss of 68% attributed to the 





























Structure of 2dpppenSe2•TIE 
2DpppentSe2•TIE crystallizes in the triclinic space group, P-1, with one formula 
unit of TIE and two formula units of dpppentSe2•TIE per cell. The asymmetric unit 
consists of one half-molecule of the XB donor situated about an inversion center at (½, 
½, 0) and one molecule of the XB acceptor situated on a general position. The dppentSe2 
molecule has a gauche conformation as required by it noncentrosymmetry with a Se-P-P-
Se torsion angle of 84.09(6)°. The phenyl rings bonded to the phosphorous atoms form a 
dihedral angle of 67.57(17)° and 73.41(19)° on each end of the dpppentS2 molecule. The 
TIE molecule is planar to within 0.008(5) Å.  
Sulfur•••iodine halogen bonding links donor and acceptor molecules into a 1D 
chain through only one selenium atom in the dpppentSe2 molecule  (Figure 4.8). Edge-to-
face phenyl ring interactions between neighboring chains link the acceptor molecules. 
(Figure 4.9) 
 Crystallographic data is given in Table 4.1 and XB distances and angles are listed 
in Table 4.2. 
 
Thermal Analysis 
2DpppentSe2•TIE has two thermal events with the first occurring with an onset 
temperature of 191°C with a mass loss of 31% attributed to the loss of TIE. The second 
thermal even has an onset temperature of 371°C with a mass loss of 69% attributed to the 











Figure 4.9 2dpppentSe2•TIE Packing diagram viewed along the b-axis showing the XB 












Structure of dppbutS2•1,4-F2TIB 
DppbutS2•1,4-F2TIB crystallizes in the monoclinic space group, P2(1)/n, with two 
formula units of both dppbutS2 and 1,4-F2TIB per cell. The asymmetric unit consists of 
one molecule of the XB donor situated about inversion center at (½, 0, ½) and one half-
molecule of the XB acceptor situated about an inversion center at (1, 0, 0). The dpbutS2 
molecule has a staggered conformation as required by its centrosymmetry with a S-P-P-S 
torsion angle of 180°. The phenyl rings bonded to the phosphorous atoms form a dihedral 
angle of 89.31(70)°. The 1,4-F2TIB molecule is planar to within 0.04(1) Å.  
Sulfur•••iodine halogen bonding links donor and acceptor molecules into a 1D 
chains (Figure 4.10). Vertix-to-face phenyl ring interactions between neighboring chains 
link the acceptor molecules. (Figure 4.11) 
 Crystallographic data is given in Table 4.1 and XB distances and angles are listed 
in Table 4.2. 
 
Thermal Analysis 
DppbutS2•1,4-F2TIB has two thermal events with the first occurring with an onset 
temperature of 243°C  with a mass loss of 55% attributed to the loss of 1,4-F2TIB. The 
second thermal even has an onset temperature of 393°C with a mass loss of 37% 

























Structure of dppeS2•4,4′-F8DIBPh 
DppeS2•4,4′-F8DIBPh crystallizes in the triclinic space group, P-1, with two 
formula units of both 4,4′-F8DIBPh and dppeS2 per cell. The asymmetric unit consists of 
one molecule of both the XB donor and the XB acceptor situated about general positions. 
The dppeS2 molecule has a staggered conformation as required by its centrosymmetry 
with a S-P-P-S torsion angle of 180°. The phenyl rings bonded to the phosphorous atoms 
form a dihedral angle of 88.54(11)° and 76.63(12)°. The phenyl rings in the 4,4′-F8DIBPh 
molecule forms a dihedral angle of 56.20(11)°. Each phenyl ring in 4,4′-F8DIBPh are 
planar within 0.006(2) Å and 0.009(2) Å. 
Sulfur•••iodine halogen bonding links donor and acceptor molecules into a 1D 
chains (Figure 4.12). Vertix-to-face phenyl ring interactions between neighboring chains 
link the acceptor molecules (Figure 4.13). 
 Crystallographic data is given in Table 4.1 and XB distances and angles are listed 
in Table 4.2. 
 
Thermal Analysis 
DppeS2•4,4′-F8DIBPh has two thermal events with the first occurring with an 
onset temperature of 157°C with a mass loss of 54% attributed to the loss of 4,4′-
F8DIBPh. The second thermal even has an onset temperature of 331°C with a mass loss 




























Structure of dppprS2•2I2 
 DppprS2•2I2 crystallizes in the monoclinic space group, C2, with four 
formula units of I2 and two formula units of dppprS2 per cell. The asymmetric unit 
consists of one half molecule of the XB acceptor situated about a C2-fold axis at (½, y, 
½) perpendicular to the alkyl chain and the XB donor is situated on a general position. 
The dppprS2 molecule has a gauche-like conformation with a S-P-P-S torsion angle of -
69.97(9)°. The phenyl rings bonded to the phosphorous atoms form a dihedral angle of 
80.34(16)°.  
Sulfur•••iodine form halogen bonds linking donor and acceptor molecules into an 
adduct 2:1 adduct which are linked through type I I•••I interactions forming a chain 
(Figure 4.14). Vertix-to-face phenyl ring interactions between neighboring adducts link 
the acceptor molecules (Figure 4.15). 
 Crystallographic data is given in Table 4.1 and XB distances and angles are listed 
in Table 4.2 
Thermal Analysis 
DppprS2•2I2 has two thermal events with the first occurring with an onset 
temperature of 110°C with a mass loss of 52% attributed to the loss of I2. The second 
thermal even has an onset temperature of 346°C with a mass loss of 48% attributed to the 













Figure 4.15 dppprS2•2I2 Packing diagram viewed along the b-axis with type I interactions 






Structure of dpphexS2•2I2 
 DpphexS2•2I2 crystallizes in the triclinic space group, P-1, with two 
formula units of I2 and one formula units of dppprS2 per cell. The asymmetric unit 
consists of one half molecule of the XB acceptor situated about an inversion center at (½, 
½, ½)  and the XB donor is situated on a general position. The dpphexS2 molecule has a 
staggered conformation as required by it centrosymmetry with a S-P-P-S torsion angle of 
180°. The phenyl rings bonded to the phosphorous atoms form a dihedral angle of 
77.4(5)°.  
Sulfur•••iodine halogen bonding links donor and acceptor molecules into a 2:1 
adduct which are linked with type I I•••I interactions forming a chain (Figure 4.16). 
Vertix-to-face phenyl ring interactions between neighboring adducts link the acceptor 
molecules (Figure 4.17). 
 Crystallographic data is given in Table 4.1 and XB distances and angles are listed 
in Table 4.2. 
 
Thermal Analysis 
DpphexS2•2I2 has two thermal events with the first occurring with an onset 
temperature of 94°C with a mass loss of 27% attributed to the loss of one I2 molecule. 
The second thermal even has an onset temperature of 169°C with a mass loss of 25% 
attributed to the loss of the second I2 molecule. A third thermal even has an onset 






Figure 4.16 dpphexS2•2I2 XB adducts that runs along the body diagonal linked through 

















Structure of dpphexSe2•2CHI3 
DpphexSe2•2CHI3 crystallizes in the triclinic space group, P-1, with two formula 
units of CHI3 and one formula unit of dpphexSe2 per cell. The asymmetric unit consists 
of one molecule of the XB acceptor situated about general position and one half-molecule 
of the XB donor is situated about an inversion center at (0, ½, 1). The dpphexSe2 
molecule has a staggered conformation as required by it centrosymmetry with a Se-P-P-
Se torsion angle of 180°. The phenyl rings bonded to the phosphorous atoms form a 
dihedral angle of 87.00(15)°.  
Selenium•••iodine halogen bonding links donor and acceptor molecules into a 2:1 
adduct (Figure 4.18). Adducts are linked to neighboring adducts by hydrogen bonding 
with an H•••I distance of 2.863 Å and a C-H•••Se angle of 150.9°. Vertix-to-face 
phenyl ring interactions between neighboring adducts link the acceptor molecules (Figure 
4.19). 
 Crystallographic data is given in Table 4.1 and XB distances and angles are listed 
in Table 4.2. 
 
Thermal Analysis 
DpphexSe2•2CHI3 has two thermal events with the first occurring with an onset 
temperature of 115°C with a mass loss of 53% attributed to the loss of CHI3. The second 
thermal even has an onset temperature of 346°C with a mass loss of 48% attributed to the 


























Table 4.1 Crystallographic Data 













MW 1008.22 1367.83 1115.98 1540.89 1130.01 
Space 
Group 
P-1 P-1 C2/c P-1 P-1 
a/Å 9.046(4) 9.2978(19) 12.633(3) 9.3810(19) 9.416(4) 
b/Å 9.293(9) 9.5125(19) 11.559(2) 9.3965(19) 9.520(5) 
c/Å 20.683(5) 22.109(4) 25.586(4) 17.559(4) 17.72(1) 
α/deg 96.08(3) 80.38(3) 90.00 90.40(3) 90.17(4) 
β/deg 94.81(3) 82.72(3) 99.85(3) 97.92(3) 99.02(3) 
γ/deg 100.52(3) 78.39(3) 90.00 94.60(3) 93.58(3) 
V/Å3 1690.4(6) 1879.7(7) 3681.0(13) 1527.8(5) 1565.4(5) 
Z 2 2 4 2 2 
Dc/g cm-3 1.989 1.947 2.014 2.252 2.397 





0.7478/1.0 0.6778/1.0 0.5943/1.00 
No. of ref. 
unique 
6673 5626 3150 4929 6234 
No. of obsd 
data 
(I>2σ(I)) 
4482 4210 2782 3966 5521 
Ra 0.0493 0.0788 0.0283 0.0423 0.0442 
Rall 0.0821 0.0949 0.0333 0.0539 0.0499 
WR
b 0.0907 0.2382 0.0560 0.0980 0.1134 



























Mw 1108.26 1012.48 984.14 1026.24 1399.85 
Space Group P21/n P-1 C2 P-1 P-1 
a/Å 9.0086(18) 10.6775(8) 15.983(3) 8.9235(1) 8.3973(8) 
b/Å 10.048(2) 11.4116(9) 8.3147(2) 10.107(2) 10.038(5) 
c/Å 20.218(4) 16.3265(14) 12.109(3) 11.218(2) 12.6973(15) 
α/deg 90.00 89.2586(7) 90.00 94.18(4) 110.88(8) 
β/deg 91.75(3) 85.5554(6) 101.00(3) 102.81(1) 92.14(1) 
γ/deg 90.00 68.671(5) 90.00 113.08(1) 94.74(1) 
V/Å3 1829.2(6) 1852.4(6) 1579.7(5) 891.6(3) 994.0(3) 
Z 2 2 2 1 1 
Dc/g cm-3 2.038 1.815 2.069 1.911 2.338 
μ/mm-1 3.644 1.966 4.195 3.720 6.621 
Transmissn 
Coeff 
0.7025/1.00 0.8920/1.00 0.8824/1.00 0.4639/1.00 0.6573/1.00 
No. of ref. 
unique 
3464 7381 2411 3576 3904 
No. of obsd 
data 
(I>2σ(I)) 
2740 5973 2358 1759 3318 
Ra 0.1237 0.0317 0.0201 0.0963 0.0339 
Rall 0.1388 0.0434 0.0208 0.1472 0.0406 
WR
b 0.3236 0.0547 0.0418 0.2074 0.0710 













































































































dppprS2•2I2 2.8153(13) 176.43(3) 100.72(5) 0.745 



















 Thermal analysis for all complexes is located in Table 4.3. All complexes lose the 
donor before the acceptor. TIE has an onset temperature of 185° C while the complexes 
involving TIE all have an onset temperature below pure TIE except dpppentSe2•TIE 
which has an onset temperature of 191°C.  
TIE is a weaker donor compared to the fluorinated organo-iodides. The lack of 
inductive effects leads to weaker charge-transfer complexes.  
 The complexes containing I2 differ by the chain length in the acceptor. The longer 
chain results in a lower first onset temperature. The dppprS2•2I2 cocrystal loses all I2 
after the first onset temperature. Whereas the dpphexS2•2I2 cocrystal loses each I2 
molecule in two separate events. The first onset temperature is lower than that for 
dppprS2•2I2. The longer acceptor in dpphexS2•2I2 lowers the density of the cocrystal 
causing I2 to be lost more efficiently than from the more dense dppprS2•2I2 cocrystal 
 The dppbutSe2•1,4-F2TIB complex shows a higher onset temperature than for the 
lone acceptor. This is due to a decrease in vapor pressure through complexation 









Table 4.3 Thermal Data 
Complex Onset  
Temp °C 
% Lossobs % Losscalc Species Lost 
TIE 185   TIE 
dppeS2 332   dppeS2 
dppeSe2 339   dppeSe2 
dppprS2 385   dppprS2 
dppprSe2 359   dppprSe2 
dppbutSe2 390   dppbutSe2 
dpppenS2 400   dpppenS2 
dpppenSe2 393   dpppenSe2 
dpphexS2 401   dpphexS2 























































































1,4-F2TIB 223   1,4-F2TIB 
4,4′-F8DIBPh 160   4,4′-F8DIBPh 









































Mechanosynthesis of Co-Crystals 
 All complexes involving TIE can be synthesized via mechanochemical grinding. 
All cocrystals were synthesized with 10 minutes of grinding with two drops of a solvent 
except for dppprS2•TIE, dppeS2•TIE and dppeSe2•TIE with the latter two are reported in 
chapter 5. Table 4.5 shows the solvents used for mechanochemical synthesis of all 
complexes. Alkyl chain lengths above n = 3 for the donor molecules require a solvent for 
the mechanochemical production of complexes. Figures 4.23-4.33 display the PXRD 
patterns of the mechanochemically synthesized products.  
The amount of solvent does have an effect on cocrystal formation. For cocrystals 
that require liquid-assisted grinding, too little solvent does not result in cocrystallization 
where as too much has the same effect as too little solvent.12 Because an ideal amount of 
solvent is required, it is indicative that the solvent provides a mode of transport. Too 
much solvent begins to bring the solubility of donor and acceptor into question and too 
little solvent does not provide enough mobility.   
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S/Se•••I Halogen Bonding in Known Cocrystals 
 Halogen bonding in biological systems is known, with examples including anti-
thyroid drugs, enzyme inhibitors, and synthetic transport or scaffolds that are not found in 
biological transport channels.13 Anti-thyroid drugs involve removal of I2 via XBs as a 
treatment for hyperthyroidism.14,15 XBs are used in enzyme inhibitors such as NS3–
NS4A protease inhibitor for the hepatitis C virus.16 The directionality and attractiveness 
in XBs makes XB complexes suitable candidates for transport across lipid bilayers.17  
A CCDC search for S/Se•••I contacts results in 21 known structures, primarily 
with I2, table 4.6. The normalized XB distances (NXB) are statistically equivalent 
between S•••I and Se•••I interactions with average a NXB of 0.93(8) and 0.9(1), 
respectively. Organoiodide donors are statistically similar to I2 donor. Table 4.6 lists the 
known sulfur and selenium acceptor XB cocrystals 
Diiodine complexes with S or Se tend to be simple adducts, though one chain 
motif is reported. S/Se•••organoiodide structures are capable of forming more complex 
solid-state structural motifs, such as extended chains and 3D networks. The motif 
depends on how many acceptor and donor sites each molecule has. The addition of 
fluorine to organohalides increases the Lewis acidity of the halogen leading to a stronger 
XB.  
 The TIE structures within this chapter do not form chelated motifs but are 
stronger than known S/Se•••organoiodide examples, with an average normalized XB 
distance of 0.88(3) Å compared to previously reported complexes with an average  
140 
 
Table 4.5 Known sulfur and selenium acceptor XB cocrystals 




DTHINI 1,4-Dithiane bis(iodine) 1.000 167.212 Chain 
FAJPUB Dithia(3.3.1)propellane 
bis(iodine) 




0.751 120.220 Adduct 
RUQPIC01 1,3,5-Trithiacyclohexane (di-
iodine) 

























Average for S•••I-I interactions 0.94(8) 153(18)  
GIHZIG Diphenyldiselenide iodine 0.982 149.768 Adduct 






0.968 165.111 Chain 











0.760 177.785 Adduct 













3.218 0.851 Chain 
Average for all S•••I interactions 0.93(8) 149(19)  
DSEIOD 1,4-Diselenane bis(iodine) 0.729 178.667 Adduct 







0.898 169.176 Adduct 
OXSELI 1,4-Oxaselenane iodine 0.710 174.768 Adduct 
































normalizes XB distance of 0.932(14) Å. TIE also provides opportunity for sheet and 3D 
donor-acceptor network motifs. 
 
Structural Comparison 
 All of the dppnE2 •TIE, n = 2-6, E = S/Se, structures primarily adopt 1D chains 
through XB when n ≤ 4. DppeE2•TIE and dpprE2•TIE structures form sheets and 3D 
chains through XB, respectively. When the alkyl chain is n ≥ 4, the acceptor cannot form 
XBs to four different donor molecules due to the conformation of the acceptor molecule. 
The unit cell volumes are larger for the selenide structures compared to isostructural 
cocrystals containing sulfur due to selenium’s larger size. 
 
Phenyl Embraces 
 The phenyl-phenyl dihedral angles and centroid-centroid distances are listed in 
Table 4.7. All structures in the even alkyl chain in the acceptor molecules series have 
phenyl embraces within their structures. Because dppeS2•TIE and dppeSe2•TIE are 
isostructural, the phenyl ring interactions observed within each complex have similar 
centroid-centroid distances and phenyl dihedral angles. Both compounds have vertix-to-
face (VF) and offset-face-to-face phenyl (OFF) embraces forming sheets of the acceptors. 
The phenyl rings in the OFF interactions are related by an inversion centers.  
As the alkyl chain increases within the acceptor the phenyl embrace network 
changes from sheets of phenyl interacting acceptor molecules to a 3D network of phenyl 
interactions beginning with dppbutSe2•TIE. As a result, an infinite chain of dppbutSe2  
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Table 4.6 Phenyl Ring centroid-cetroid distances and phenyl Ring angles 




























































































































molecules extends along the ac-face diagonal. The chains of dppbutSe2 acceptors are 
linked to neighboring chains through a VF phenyl embraces. All of the structures within 
the odd series display phenyl embraces. Both dppprS2•TIE and dppprSe2•TIE structures 
have similar centroid-centroid distances and phenyl ring planar angles. Centroid distances 
are similar for both dppprE2•TIE and dpppenE2•TIE cocrystals. All of the 
dpppr/penE2•TIE structures have pseudo-offset-face-to-face phenyl interactions with 
phenyl ring angles around 45°. This is not observed in the even series of structures. 
The phenyl embrace network observed within the dppeS2•4,4’-F8DIBPh complex 
is similar to that seen in the dppeS2•TIE structure with the acceptor forming a sheet of 
acceptor molecules linked via VF and OFF phenyl interactions related via inversion 
centers. The longer dppbutS2 acceptor provides chains of acceptor molecules along the a-
axis linked via vertix-to-face phenyl embraces forming a 3D network of acceptor 
molecules. 
The phenyl dihedral angles are comparable to those seen in the TIE complexes. 
All four I2 structures exhibit phenyl ring interactions. DppprS2•2I2 displays a diphenyl 
interaction with partial OFF interactions occurring with low phenyl ring planar angles 
close to 45° forming a chain of acceptor molecules. The phenyl embraced acceptor chains 
are linked to other chains through VF phenyl interactions creating a 3D network of 
acceptor molecules. DpphexS2•2I2 forms 2D sheets of acceptor molecules with VF 
interactions and an OFF interaction related by an inversion center. Packing of each 
complex displays stacks of I2 molecules. An OFF phenyl interaction occurs in 
2dppmS2•3I2 within the same acceptor molecule. Moving to dppeS2•2I2 allows sufficient 
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distance between phenyl rings on opposite sides of the molecule to allow independent 
orientations. Acceptor molecules within 2dppmS2•3I2 are linked through OFF and EF 
interactions forming layers of acceptor molecules. One OFF and four VF interactions 
form layers of acceptor molecules in dppeS2•2I2.  
 
Structural Properties of the Even Series 
 All even alkyl chains have a E-P-P-E, E = S or Se, torsion angle of 180.0 °. The 
angles for dppnE2 are consistent with the finding of Calcagno in 2000 in a study of 
bis(diphenylphosphino) oxide conformations.18  
 The motifs for the even series, dppnE2•TIE are 2D sheets for n = 2 and 1D chains 
for n = 4. Halogen bonds for the even series have comparable E•••I distances and angles. 
Distances are larger for the even series than the odd series regardless of the chalcogenide 
acceptor, Table 4.2. The carbon atoms within TIE are disordered for the dppeSe2•TIE and 
dppbutSe2 structures. Selenium’s larger size provides TIE molecules more space, which 
may facilitate the disorder. The I•••I distance within TIE is about 3.6 Å allowing it to sit 
in one of two conformations. Figure 4.15 shows the two possible ways TIE can sit within 
the structure with dppeSe2 as an acceptor. The normalized XB distance is similar for all 
even TIE structures.  The halogen bonds lead to chains of alternating donor and acceptor 
molecules in all structures of the even series. The dppeS2•TIE and dppeSe2•TIE 
cocrystals are isostructural with two C12(5) chains running along the a-axis. The 
dppbutSe2•TIE cocrystal has R
2
4(8) rings orthogonal to each other along the ab-face 
diagonal. Though there is a difference of two carbons in the alkyl chain between the two 
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structure types they both have similar donor and acceptor connectivities. The dppeE2•TIE 
structures have C22(9) chains that make R
4
4(20) rings running along the b-axis and 
dppbutSe2•TIE structure has C
2
2(12) chains that make R
4
4(22) rings that run along the ab-
face diagonal. With longer alkyl chains, larger ring structures will be present. The 
structure changes by adding two carbon atoms to the alkyl chain.  
 
Structural Properties of the Odd Series 
 The odd alkyl chains prefer a gauche orientation. Cocrystals dppprS2•TIE and 
dppprSe2•TIE have E-P-P-E, E = S, Se, torsion angles of 85.8° and -88.5° respectively. 
Likewise dpppenS2•TIE and dpppenSe2•TIE prefer a gauche conformation with E-P-P-E  
dihedral angles of 83.6° and 84.1° respectively. The dihedral angles have a range of about 
5°. 
The odd series exhibits phenyl ring torsion angles close to 90 ° for the shorter 
alkyl chain in dppprS2•TIE. Then when the alkyl chain is increased in dpppenS2•TIE the 
phenyl ring torsion angle decreases to about 75°. The odd series displays Ph-E torsion 
angles as both phenyl rings being counterclockwise on a single phosphorous atom or vice 
versa. The Ph-E torsion angles are typically larger than their even counterparts with the 
largest torsion angle being 71.6° found in the dpppentSe2•TIE structure. This is a result of 
torsion strain in odd alkyl chains within the series.   
The motifs for the odd series are 3D chains for dppnE2•TIE when n = 3 and 1D 
chains for n = 5. Halogen bond distances and angles are similar for all structures in the 
odd series. TIE disorder is observed within the dppprSe2•TIE complex with non-XB TIE 
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being the only disordered donor. The normalized XB distance is smaller for complexes 
within the odd series indicative of slightly stronger XB interactions.  As seen in the even 
series, halogen bonds result in alternating donor and acceptor molecules. The TIE 
molecules do not chelate. The dpppentE2•TIE structures are isostructural. The 
dppprSe2•TIE structure has non-XB TIE between one set of R
2
4(10) rings running along 
the a and b-axis.  All four structures have R24(10) rings with the major difference being 
the dpppentE2•TIE  structures have only one XB interaction occurring through one of the 
chalcogenide atoms on the acceptor. The non-XB sulfur or selenium atom is pointed 
towards a neighboring non-XB sulfur or selenium. The dpppropE2•TIE structures have 
XB on both acceptor sites.  
R88(42) rings occur along both the a and b-axis in the dppprE2•TIE structures with 
non-XB TIE in dpppropSe2•TIE between the TIE that links the donors. The 
dpppentE2•TIE structures do not have R
8
8(42) rings due to one of the E acceptor atoms on 
the acceptor molecule not having an XB interaction. A donor lies between two acceptor 
molecules forming a layer. The layers are connected through VF phenyl interactions.  
 
dppbutS2•1,4-F2TIB and dppeS2•4,4’-F8DIBPh Structural Comparison 
 The shorter donor, 1,4-F4TIB, in the dppbutS2•1,4-F2TIB cocrystal crystallizes 
with higher symmetry than the cocrystal with a longer donor, 4,4’-F8DIBPh. The torsion 
angle between sulfur atoms on the acceptors in the TIE complexes is 180.0 ° which 
follows the trend for the TIE structures discussed previously. The dppbutS2•1,4-F4TIB 
cocrystal holds to this trend but when the acceptor is lengthened to 4,4’-F8DIBPh the S-S 
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torsion angle deviates from 180.0° in dppbutS2•1,4-F2TIB to 167.7°. The longer donor 
changes the phenyl planar angles providing a OFF phenyl interaction with an angle of 0°.  
Both 1,4-F2TIB and 4,4’-F8DIBPh complexes have chains of alternating acceptor 
and donor through halogen bonds. Both complexes have similar I•••S distances and C-
I•••S angles. The P-S•••I angles are close to the expected 120° for 4,4’-F8DIBPh 
cocrystal while the 1,4-F4TIB complex has a smaller angle. This is due to the location of I 
within 4,4’-F8DIBPh. 1,4-F2TIB does not chelate thus two iodine atoms are non-XB and 
occupies space.   
 
dpppropS2•2I2, dpphexS2•2I2, and dpphexSe2•CHI3 Structural Comparison 
 As seen in both dppmS2•I2 and dppeS2•I2 iodine cocrystals
9 the I-I bond distances 
within dppprS2•2I2 and dpphexS2•2I2 are lengthened. All but 2dppmS2•3I2
9 are 1:2 A:D 
adduct structures. Three of the four structures crystallize is a centrosymmetric space 
group. The only complex to have a non-centrosymmetric space group is dppprS2•I2.  
Selected crystallographic data is in Table 4.8.  
  The I•••S distances and C-I•••S angles for dppprS2•2I2 and dpphexS2•2I2 are 
similar to those of to 2dppmS2•3I2 and dppeS2•2I2.
9 The I-I•••S angles are less than the 
expected 120°, which is more common in the dpp(alkyl)E2•TIE structures. The S-S 
torsion angle within dpppropS2 is -70.0°, less than the observed torsion angle in either of 
the dppprE2 cocrystals. An expected S-S torsion angle of 180° is seen in dpphexS2•I2. 
DppmS2•I2 has a S-S torsion angle
9 of -157.7° compared to 95.64(5)° of pure dppm.19 
Dppe•I220 has a P-P torsion angle of 180° but the I2 molecules prefer a torsion angle of 
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68.8° which is closer to the preferred torsion angle of the odd alkyl series. This is due to 
the phenyl rings occupying the space that would allow a 180° torsion angle. The 
dppprS2•2I2 and dpphexS2•2I2 cocrystals are more closely related than the 2dppmS2•3I2
9 
and dppeS2•2I2
9 structures.  
Apperley et al. claim dppmS2•3I2 to be a 1:2 A:D adduct but is actually a 2:3 
adduct (figure 4.25).9 The closest sulfur atom to I(2) is over 5.5 Å away which is much 
farther than the sum of the van der Waals radii for sulfur and iodine. DppeS2•2I2 is a 1:2 
A:D adduct that has alternating layers of acceptor molecule with donors in between, 
figure 4.26. Both dppprS2•2I2 and dpphexS2•2I2 cocrystals have the non-XB end of I2 
molecules pointing towards adjacent I2 molecules. 
DpphexSe2 in the structure DpphexSe2•CHI3 has a Se-Se torsion angle of 180°. 
Iodoform only forms XB contacts with one iodine atom forming a 1:2 (A:D) XB adduct 
similar to the dppnE2•I2 structures. DpphexSe2•CHI3 is linked through HB from 
iodoform to a neighboring acceptor molecule creating a chain motif when XB and HB are 










Table 4.7 Selected Distances and Angles for dppnS2•I2 cocrystals 










dppeS2•I2 2.871(6) 2.7721(6) 177.78(3) 102.42(7) 
dppprS2•2I2 2.8153(13) 2.8193(7) 176.43(3) 100.72(5) 












Figure 4.25 2dppmS2•3I2 adduct formed with the nearest sulfur atom to I(2) being over 

















 Structures of dppnE2 molecules can be tuned with the length of the alkyl chain in 
dppnE2•TIE providing a range of motifs. The even alkyl chains provide a torsion angle 
between S/Se of 180° making chain structures possible. The odd alkyl chains have S/Se 
torsion angles closer to 90° with TIE molecules preferring an orthogonal orientation. The 
dpppenE2•TIE, E = S, Se, results in only one S/Se atom forming XB contacts which 
gives rise to a chain of TIE molecules due to each iodine atom forming XB interactions 
with two S/Se atoms.  
 Chain structures are preferred with the XB donors 1,4-F2TIB and 4,4՛-F8DIB.  1,4-
F2TIB should provide similar XB contacts to TIE but prefers chain structures with only 
two iodine atoms related by an inversion center forming XB. Diiodine forms 1:2 (A:D) 
adducts with either dppprS2 or dpphexS2. Iodoform only forms XB contacts with one of 
the iodine atoms to dpphexSe2. Another iodine atom is in close proximity to a 
neighboring Se atom but is approximately the sum of the van der Waals radii.   
Sulfur and selenium provide better XB contacts than oxygen with shorter 
normalized XB distances. This is consistent with the polarizability of acceptor atoms in 
the order Se > S > O. 
Phenyl embraces are secondary structural units that connect acceptor molecules 
regardless of alkyl chain length. The shorter alkyl chains prefer edge-to-face interactions. 




Mechanochemical synthesis is a green method for production of powder 
cocrystals. With little to no solvent larger quantities of cocrystals can be synthesized for 
further analysis. Ten minutes of grinding was sufficient for the synthesis of all material 
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 Phosphorous XB acceptors are known to form XB interactions with I2 with the 
first known example being tertiary phosphines cocrystallized with I2.
1,2 A CCDC search 
reveals 35 structures involving a P•••I-I interaction. Most structures are salts with X•••X 
interactions between ion pairs due to X covalently bonding to a tertiary phosphine.3   
Only seven examples of cocrystals containing phosphorous acceptors and organoiodides 
have been reported. Table 5.1 displays the results of the CCDC search. The softness of 
iodine would make it an ideal donor for soft phosphorus-based acceptors.4 Despite this 
fact they are rare. P•••X structures typically involve diiodine adducts or chains involving 
tertiary phosphines. Our interest is in designing extended chains and chelation structures 
due to their ability to form stronger XB. The desired structural motifs require phosphine 
molecules with more than one acceptor site. 
Phosphines such as bis(diphenylphosphino)ethane (dppe) are used as bidentate 
ligands for coordination chemistry5. The ability of dppe to act as a bridging or chelating 
ligand allows for the stabilization of metals with lower oxidation states.6 Phosphine 
ligands chelate or bridge depending on the length of the alkyl chain and the metal size.6 
The shorter alkyl chain in the phosphine ligand is more likely to chelate, whereas the 
longer alkyl chains typically prefer forming bridging chains.6  
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Table 5.1 Known Phosphine Acceptor Cocrystals 



























cobalt(ii) benzene solvate 
2.418 3.474 179.047 Chain 
BIYMEB Triferrocenyl-iodide-
phosphonium tri-iodide 














































2.408 3.480 177.863 Adduct 
HECMOR Di-t-butyliodophosphane 
selenidedi-iodine 









































rhenium(ii) chloroform solvate 




2.404 3.635 168.372 Chain 




























2.401 3.558 170.163 Chain 
PEGRAU Iodotriphenylphosphonium 
(tri-iodotriphenylphosphine)-
cobalt(iii) diethyl ether solavte 
2.38 3.927 147.196 Adduct 
PODYAI bis(Adamantyl-methyl-di-
iodophosphonium) iodide tri-



















2.387 3.495 174.474 Adduct 
SALCEN Tri-t-butyl-iodo-phosphonium 
iodide 
2.46 3.325 177.601 Adduct 
SARNII Tri-t-butyl-iodo-phosphonium 
tetracarbonyl-tri-iodo-tungsten 







































































































 In addition to phosphine•••I XBs, the presence of phenyl groups allows for 
potential phenyl embraces, π-stacking, and edge-to-face interactions as secondary 
supramolecular synthons. By utilizing dppe and dppeE2 acceptor molecules these 
secondary supramolecular synthons are available for use. 
 This chapter will present the first examples of cocrystals containing phosphorous 
acceptors and organohalide donors. We have isolated two polymorphs of dppe•1,4-
F4DIB. The polymorphs have a ratio of 1:1 with one crystallizing in the monoclinic 
system (dppe:1,4-F4DIBmono) and the other in the triclinic system (dppe:1,4-F4DIBtri). The 
polymorphism of this system will be discussed along with the synthesis of each cocrystal. 
In addition to these two polymorphs a cocrystal with an acceptor:donor ratio of 1:3 of 
dppe•1,4-F4DIB has been isolated as well.  
Two other cocrystals, dppeO2•1,4-F4DIB and dppeO2•1,4-F4DBrB have been 
prepared and will also be discussed along with their structural comparisons to the dppe 
containing cocrystals. Two other cocrystals containing TIE, dppeS2•TIE and 











 Structures of phosphorous-based acceptors include dppe and structures based on 
sulfur and selenium acceptors are dppeS2 or dppeSe2. Donor molecules include 1,4-
F4DIB, 1,4-F4DBrB, and TIE. Scheme 5.1 lists the structures and names of donors and 
acceptors reported in this chapter. Crystallographic data are listed in Table 5.2 and 
halogen bond distances and angles are listed in Table 5.3.  
 
Mechanosynthesis 
Mechanosynthesis of dppe•donor or dppeE2•TIE, E = S or Se, was performed by 
stoichiometric amounts of both donor and acceptor ground in a ball mill, wig-l-bug, for 















    
   dppe     dppeE2 (E = O, S, Se) 
 
Donors 
                                          
          1,4-F4DIB          1,4-F4DBrB                  TIE 
 







Structure of dppe•1,4-F4DIBmono 
 Dppe•1,4-F4DIBmono crystallizes in the monoclinic space group, P21/n, with two 
formula units per cell. The asymmetric unit consists of one half-molecule of both the XB 
donor and XB acceptor, each situated about inversion centers at (0, 0, ½) and (½, ½, ½) 
respectively. The dppe molecule has a staggered conformation as required by its 
centrosymmetry. The phenyl rings bonded to the phosphorous atom form a dihedral angle 
of 88.84(8) °. The 1,4-F4DIB molecule is planar to within 0.0024(18) Å.  
 Phosphrous•••iodine halogen bonding links donor and acceptor molecules into 
step-like chains (Figure 5.1). Edge-to-face phenyl ring interactions between neighboring 
chains extend the structure in the other two directions (Figure 5.2) 
 Crystallographic data is given in Table 5.2 and XB distances and angles are listed 
in Table 5.3 
 
Thermal Analysis 
 Dppe•1,4-F4DIBmono has an onset temperature of 99 °C with 46 % mass loss 
attributed to the loss of 1,4-F4DIB. A second thermal event has an onset temperature of 

























Structure of dppe•1,4-F4DIBtri 
Dppe•1,4-F4DIBtri crystallizes in the triclinic space group, P-1, with one formula unit per 
cell. The asymmetric unit consists of one half-molecule of both XB donor and XB 
acceptor, each situated about an inversion center at (0, 0, ½) and (½, ½, 0) respectively. 
The dppe molecule has a staggered conformation as required by its centrocemmetry. The 
phenyl rings bonded to the phosphorous atom form a dihedral angle of 89.96(11) °. The 
1,4-F4DIB molecule is planar to within 0.009(3) Å.  
Phosphrous•••iodine halogen bonding links donor and acceptor molecules into 
step-like chains (Figure 5.3). Edge-to-face phenyl ring interactions between neighboring 
chains extend the structure in the other two directions (Figure 5.4) 
 Crystallographic data is given in Table 5.2 and XB distances and angles are listed 
in Table 5.3.  
 
Thermal Analysis 
 Dppe•1,4-F4DIBtri has an onset temperature of 100 °C with 45 % mass loss 
attributed to the loss of 1,4-F4DIB. A second thermal event has an onset temperature of 



























Structure of dppe•3(1,4-F4DIB) cocrystal 
 Dppe•3(1,4-F4DIB) crystallizes in triclinic space, P-1, with one formula unit of 
dppe and three formula units of 1,4-F4DIB per cell. The asymmetric unit consists of one 
half of both the XB donor and the XB acceptor situated about inversion centers at (1, 0, 
½) and (½, ½, ½) respectively. The third XB acceptor is situated on a general position.  
The dppe molecule has a staggered conformation as required by its centrosymmetry. The 
phenyl rings bonded to the phosphorous atom form a dihedral angle of 89.63(18). The 
1,4-F4DIB molecule is planar to within 0.010(4) Å and 0.182(5) Å.  
Phosphrous•••iodine halogen bonding links donor and acceptor molecules into 
step-like chains. The non-complexed 1,4-F4DIBs form I•••I XBs to the complexed 1,4-
F4DIBs (Figure 5.5), with the latter acting as XB acceptors. Edge-to-face phenyl ring 
interactions between neighboring chains extend the structure in the other two directions 
(Figure 5.6) 
 Crystallographic data is given in Table 5.2 and XB distances and angles are listed 
in Table 5.3. 
 
Thermal Analysis 
 Dppe•3(1,4-F4DIB) has an onset temperature of 75 °C with 46 % mass loss 
attributed to the loss of uncomplexed 1,4-F4DIB. A second thermal event has an onset 
temperature of 100 °C with 25 % mass loss attributed to XBed 1,4-F4DIB. A third 





Figure 5.5 Donor-acceptor XB chain in dppe•3(1,4-F4DIB) The 1,4-F4DIB not included 















Structure of dppeO2•1,4-F4DIB  
 DppeO2•1,4-F4DIB crystallizes in the monoclinic space group, C2/c, with four 
formula units per cell. The asymmetric unit consists of one half-molecule of both XB 
donor and XB acceptor, each situated about an inversion center at (0, 1, 0) and (¼, ¼, 0) 
respectively. The dppeO2 molecule has a staggered conformation as required by its 
centrosymmetry. The phenyl rings bonded to the phosphorous atom form a dihedral angle 
of 77.0(2) °. The 1,4-F4DIB molecule is planar to within 0.0023(5) Å. 
Oxygen•••iodine halogen bonding links donor and acceptor molecules into step-
like chains (Figure 5.7). Edge-to-face phenyl ring interactions between neighboring 
chains extend the structure in the other two directions (Figure 5.8) 
 Crystallographic data is given in Table 5.2 and XB distances and angles are listed 
in Table 5.3. 
 
Thermal Analysis 
 DppeO2•1,4-F4DIB has an onset temperature of 139 °C with 50 % mass loss 
attributed to the loss of 1,4-F4DIB. A second thermal event has an onset temperature of 


























Structure of dppeO2•1,4-F4DBrB  
 DppeO2•1,4-F4DBrB crystallizes in the monoclinic space group, P21/c, with two 
formula units per cell. The asymmetric unit consists of one half-molecule of both XB 
donor and XB acceptor, each situated about an inversion center at (½, 1, ½)  and (0, ½, 
½) respectively. The dppeO2 molecule has a staggered conformation as required by its 
centrosymmetry. The phenyl rings bonded to the phosphorous atom form a dihedral angle 
of 48.6 °(2). The 1,4-F4DBrB molecule is planar to within 0.422(6) Å.  
Surprisingly, no XB bonding occurs between donor and acceptor molecules 
(Figure 5.9). Edge-to-face phenyl ring interactions between neighboring acceptor 
molecules link the acceptors in three directions and Br•••π interactions occur between 
both bromine atoms on 1,4-F4DBrB with a Br•••centroid distance of 3.3(2). HBs link 
dppO2 molecules with a distance of 2.73 Å and a C-H•••O angle of 142.5 ° (Figure 
5.10). Crystallographic data is given in Table 5.2 and XB distances and angles are listed 
in Table 5.3. 
Thermal Analysis 
 DppeO2•1,4-F4DBrB has an onset temperature of 96 °C with 42 % mass loss 
attributed to the loss of 1,4-F4DBrB. A second thermal event has an onset temperature of 



















                 
Figure 5.10 dppeO2•1,4-F4DBrB  Packing diagram (Top) Br•••π interactions (Bottom 
Left) Hydrogen bonding between dppeO2 molecules (Bottom Right). 
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Structure of dppeS2•TIE  
DppeS2•TIE crystallizes in the triclinic space group, P-1, with one formula unit 
per cell. The asymmetric unit consists of one half-molecule of both XB donor and XB 
acceptor, each situated about an inversion center at (½, ½, 0) and (0, 0, 0) respectively. 
The dppeS2 molecule has a staggered conformation as required by its centrosymmetry. 
The phenyl rings bonded to the phosphorous atom form a dihedral angle of 81.74(12) °. 
The TIE molecule is planar to within 0.005(3) Å.  
Sulfur•••iodine halogen bonding links donor and acceptor molecules into 2D sheet 
(Figure 5.11). Edge-to-face phenyl ring interactions between neighboring chains 
complement XBing (Figure 5.12).  
 Crystallographic data is given in Table 5.2 and XB distances and angles are listed 
in Table 5.3. 
 
Thermal Analysis 
 DppeS2•TIE has an onset temperature of 180 °C with 57 % mass loss attributed to 
the loss of TIE. A second thermal event has an onset temperature of 306 °C with 52 % 








































Structure of dppeSe2•TIE 
DppeSe2•TIE, isomorphous with dppeS2•TIE, crystallizes in the triclinic space 
group, P-1, with one formula unit per cell. The asymmetric unit consists of one half-
molecule of both XB donor and XB acceptor, each situated about an inversion center at 
(½, ½, 0) and (0, 0, 0) respectively. The dppeSe2 molecule has a staggered conformation 
as required by its centrosymmetry. The phenyl rings bonded to the phosphorous atom 
form a dihedral angle of 82.03(17 )°. The TIE molecule is planar to within 0.612(12) Å.  
Selenium•••iodine halogen bonding links donor and acceptor molecules into a 2D 
sheet. TIE is disordered due to the size of the TIE molecule. Each side of the TIE 
molecule has an iodine atom separation of about 3.6 Å7 along both edges (Figure 5.13). 
Edge-to-face phenyl ring interactions between neighboring chains extend the structure in 
the other two directions (Figure 5.14) 
 Crystallographic data is given in Table 5.2 and XB distances and angles are listed 
in Table 5.3. 
 
Thermal Analysis 
 DppeSe2•TIE has an onset temperature of 167 °C with 43 % mass loss attributed 
to the loss of TIE. A second thermal event has an onset temperature of 326 °C with 50 % 
mass loss attributed the loss of dppeSe2. 
183 
 
~ 3.6 Å 










Figure 5.13 dppeSe2•TIE XB connectivity between donor and acceptor molecules. (Top)  
Iodine atom separation distance is about 3.6 Å in both directions making a TIE molecule 




































formula C32H24F4I2P2 C32H24F4I2P2 C44H24F8I6P2 C32H24F4I2P2O2 
Mw 800.25 800.25 1528.00 836.31  
Space Group P21/n P-1 P-1 C2/c 
a/Å 13.242(4) 5.9963(11) 6.0112(12) 25.617(5) 
b/Å 5.8868(15) 11.919(17) 13.009(3) 6.0871(12) 
c/Å 19.40(5) 12.039(2) 15.459(3) 21.751(4) 
α/deg 90.00 63.045(12) 92.62(3) 90.00 
β/deg 90.15(1) 87.20(2) 98.62(3) 117.26(3) 
γ/deg 90.00 82.760(18) 91.59(3) 90.00 
V/Å3 1512.2(5) 760.7(3) 1193.3(4) 3015.1(10) 
Z 2 1 1 4 
Dc/g cm
-3 1.76 1.69 2.59 1.83 
μ/mm-1 2.231 2.214 5.426 2.239 
Transmissn Coeff 0.847/1.00 0.698/1.00 0.912/1.00 0.718/1.00 
No. of ref. unique 11886 6462 10040 13851 
No. of obsd data 
(I>2σ(I)) 
2677 3069 4196 3068 
Ra 0.0250 0.0310 0.0333 0.0710 
Rall 0.0257 0.0325 0.0558 0.0912 
WR
b 0.0511 0.0881 0.0564 0.1299 
























formula C16H12F2BrPO C28H24I4P2S2 C28H24I4P2Se2 
Mw 738.27 994.13 1087.93 
Space Group P21/c P-1 P-1 
a/Å 17.080(3) 8.740(6) 8.762(6) 
b/Å 5.6901(11) 10.077(6) 10.176(5) 
c/Å 16.425(3) 10.425(2) 10.4486(9) 
α/deg 90.00 66.18(7) 65.92(5) 
β/deg 117.75(3) 71.75(8) 72.29(5) 
γ/deg 90.00 86.8(1) 86.86(6) 
V/Å3 1412.8(5) 795.1(3) 807.7(3) 
Z 2 2 2 
Dc/g cm
-3 1.74 2.07 2.24 
μ/mm-1 3.040 4.168 6.227 
Transmissn Coeff 0.660/1.00 0.911/1.00 0.901/1.00 
No. of ref. unique 4389 5931 3555 
No. of obsd data 
(I>2σ(I)) 
1830 2747 2531 
Ra 0.0557 0.0262 0.0340 
Rall 0.0820 0.0309 0.0386 
WR
b 0.1333 0.0564 0.0719 
wRref 0.1553 0.0583 0.0745 
187 
 
Table 5.3 Halogen Bond distances and angles 

















































NXB = (XA distance/sum of van der waals radii) 













 Table 5.4 reports thermal data for all cocrystals in this chapter. Pure dppe has an 
onset temperature of 278 °C and pure 1,4-F4DIB has an onset temperature of 106 °C. The 
dppe•3(1,4-F4DIB) cocrystal shows an onset temperature of 75 °C with an initial loss of 
46 % attributed to 2 of the non-XB donor molecules. A second loss of donor occurs at 
100 °C, the XB 1,4-F4DIB with a mass loss of 25 %. The final event is the mass loss 
attributed to dppe with an onset temperature of 280 °C.  
 The dppe•1,4-F4DIBtri cocrystal has an onset temperature of 100 °C with a loss of 
46 % attributed to the donor. The remaining mass loss is due to the acceptor. The 
dppe•1,4-F4DIBmono cocrystal has an onset temperature of 99 °C with a 46 % loss of the 
donor. The two 1:1 cocrystals of dppe•1,4-F4DIB show similar losses and have an onset 
temperature 25 °C higher than that of dppe•3(1,4-F4DIB). This is due to 2/3 of the donor 
molecules not being involved with XB within the 1:3 structure.  
 The dppeO2•1,4-F4DBrB cocrystal has an onset temperature of 96 °C attributed to 
the loss of 1,4-F4DBrB followed by a second event with an onset temperature of 323 °C 
attributed to the loss of dppeO2. The dppeO2•1,4-F4DIB cocrystal has an onset 
temperature of 139 °C associated with the loss of 1,4-F4DIB followed by a second even 
with an onset temperature of 320 °C attributed to the loss of dppeO2. The lower onset 
temperature for loss of the donor in dppeO2•1,4-F4DBrB relative to that of dppeO2•1,4-





DppeS2•TIE has an onset temperature of 179 °C attributed to the loss of both 
donor and acceptor molecules. DppeSe2•TIE has an onset temperature of 167 °C 
attributed to the loss of TIE followed by a second event with the loss of dppeSe2 with an 
onset temperature of 327 °C. The higher first onset temperature for dppeS2•TIE is 







































%Lossobs %Losscalc Species Lost 
 
1,4-F4DIB 106 100 100 1,4-F4DIB 
1,4-F4DBrB   92  95 100 1,4-F4DBrB 
TIE 185 100 100 TIE 
dppe 278 100 100 dppe 
dppeO2 300 100 100 dppeO2 
dppeS2 332 100 100 dppeS2 


















































































 All seven structures can be synthesized via mechanochemical synthesis. A typical 
mechanochemical reaction is performed by using the appropriate molar ratios of donor 
and acceptor molecules then placing them in a ball mill and ground neat. Cocrystals were 
ground for 2-15 minutes.  
  
Mechanochemical Study of dppe•1,4-F4DIB 
 A series of acceptor:donor ratios ranging from 1:9 to 9:1 were ground neat in a 
ball mill then followed by XRD. Melting points of all ratios were taken and plotted 
against the mole fraction of dppe, figure 5.15. The plot shows eutectic melts at minima 
while the peak maxima correspond with cocrystal ratios. The use of eutectic plots allows 
for the potential prediction of future cocrystals. Figure 5.16 displays a binary phase 
diagram for the ratios of 1:1 and 1:3. The binary phase diagram along with the XRD of 
all ratios provides a clear indication of cocrystal composition.  The range of molar ratios 
ranging from pure 1,4-F4DIB to pure dppe shows gradual transformation to the 1:3 
polymorph then to the 1:1 polymorph and ends with pure dppe.  
 The other cocrystals can be synthesized via mechanochemical grinding as well. 
Figure 5.17 displays the XRD upon neat grinding for both dppeO2•1,4-F4DIB and 
dppeO2•1,4-F4DBrB. The two 1:1 polymorphs of dppe•1,4-F4DIB can be synthesized via 
mechanochemically with neat grinding but the difference is the time required for 
grinding. As the starting material is ground over time the formation of the triclinic 
polymorph begins at 30 seconds of grinding. Formation of the triclinic polymorph is 
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completed by 10 minutes. After 10 minutes the polymorph begins to convert to the 
monoclinic form and is completed after 15 minutes of grinding. (Figure 5.18)  
 DppeS2•TIE and dppeSe2•TIE can be synthesized via mechanochemical synthesis 























1,4-F4DIB              Xdppe                                          dppe 
Figure 5.15 Melting point vs. mole fraction showing the cocrystal ratios at the maximums 
and eutectic melts at the minima. The blue lines represent the standard deviation of the 
melting points. The points labeled 1:1 and 1:3 correspond to the 1:1 polymorphs of 
dppe•1,4-F4DIB and the 1:3 dppe•3(1,4-F4DIB) cocrystals. The maxima in-between the 

















Figure 5.16 PXRD of all ratios. 
 
 






































 Dihalogens have been known to act as Lewis bases since the 1950s primarily with 
N and O based acceptors.8-11 A basicity scale has been developed by Laurence et. al. for 
I-I•••A based halogen bond interactions.12 Nitrogen based acceptors are considered to be 
the strongest Lewis bases for halogen bonding with I2. Basicity increases down a group 
and increases from right to left across a period.12  
I2 has been studied as a Lewis acid with various Lewis bases. Nitrogen based 
Lewis bases are the best XB acceptors with the average normalized XB distances for sp3  
and sp2 N•••I2 contacts being 0.727(8) and 0.76(7) respectively. No sp N•••I2 contacts 
were found. sp3 O forms stronger XBs than sp2 O in O•••I2 interactions with average 
normalized XB distances of 0.849(18) and 0.919(81). SP3 and SP2 S Lewis bases are 
about equal in XB strength with normalized XB distances of 0.877(96) and 0.819(115) 
respectively. Only one sp2 Se•••I2 contact was found with a normalized XB distance of 
0.696 and no sp3 Se contacts were found. The I-I distance is slightly elongated for all 
A•••I2 interactions. 
The overall strength of A•••I2 XBs are based on average normalized XB contact 
distances resulting in the order sp2 Se > sp3 N > sp2 N > sp3 Se ~ sp2 S ~ sp3 S ~ sp3 O ~ 
sp2 O. Nitrogen is a better electron donor than oxygen due to being slightly less 
electronegative and more polarizable than oxygen.  
Few A•••Br2 contacts were found in the CCDC search. SP
3 N•••Br2, SP
3 O•••Br2, 
SP2 O•••Br2, and SP
3 S•••Br2 interactions were found with normalized XB distances of 
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0.880(46), 0.808, 0.856(66), and 0.828(59) respectively. Very few interhalogens were 
found in a CCDC search. SP2 N•••Cl-I is the strongest of the interhalogens XB contacts 
with a normalized XB distance of 0.689.  
A CCDC search for N•••I contact distance depends on the hybridization of the N 
atom. The average normalized N•••I distances for  sp, sp2, sp3 are0.87(5),  0.83(5), and 
0.83(5) respectively. The hybridization of N seems to have no effect on XB strength. 
According to Laurence et. al., decreasing p character in the N lone pair should decrease 
in basicity for N.12   
A CCDC search for S•••I and Se•••I contact distances results in SP3 Se acting as a 
better Lewis base than either sp3 or sp2 S Lewis bases. The average normalized XB 
distances for SP3 Se•••I is 0.910(28) whereas sp3 and sp2 S•••I distances are 0.942(36) 
and 0.939(38) respectively. No sp2 Se•••I contacts were found in the CCDC search. 
A CCDC search for P=E•••I, E = O, S, or Se, contacts results in P=O•••I contacts 
forming stronger XBs with an average normalized XB distance of 0.761(28). P=Se•••I 
contacts are slightly stronger than P=S•••I contacts with an average normalized XB 
distance of 0.904(22) and 0.941(27) respectively. Only one P•••I contact was found in a 
CCDC search with a normalized XB distance of 0.870 placing it between P=O•••I and 
P=S/Se•••I in strength. Figure 5.20 provides the number of structures for each type of 

















 Phenyl embrace interactions occur in all cocrystals and are listed in table 5.5. The 
typical vertex to face centroid-centroid distance is about 5.0 Å.13 The mean centroid-
centroid distance for all cocrystals is 4.8(4) Å. The difference between edge-to-face 
phenyl interactions and vertex-to-face interactions is the orientation of the phenyl ring 
oriented vertically from the plane of another phenyl ring.13 Vertix-to-face interactions 
have a single hydrogen atom directed toward the center of the plane of a neighboring 
phenyl ring whereas edge-to-face interactions have two hydrogen atoms directed toward 
the center of a neighboring phenyl ring.13 The dppe•3(1,4-F4DIB) cocrystal has a phenyl 
ring from an acceptor wedged between to donor molecules with centroid-centroid 
distances of 3.8(3) and 3.9(4) Å with dihedral angles between phenyl rings of 19(1) ° and 
24.6(2) ° respectively. The 1:1 dppe•1,4F4DIB cocrystals have comparable centroid-
centroid distances. The dppe•1,4F4DIBtri cocrystal has two off set face-to-face 
interactions with dihedral angles of 0.00(20) ° and 0.0(3) ° and centroid-centroid 
distances of 3.994(8) Å and 3.478(5) Å respectively between two acceptor molecules 
related by inversion centers. The dppe•1,4F4DIBmono cocrystal has three vertex-to-face 
interactions and only one off set face-to-face interaction with a dihedral angle of 
15.33(19) ° between the donor and acceptor molecules. The dppeO2•1,4-F4DIB cocrystal 
has a parallel quadruple phenyl (PQPE) embrace. By the removal of the oxygen atoms as 
in dppe•1,4-F4DIBmono from the  acceptor the PQPE interaction is not observed. A donor 
202 
 
molecule lies between acceptor molecules in dppeO2•1,4-F4DBrB preventing any 
concerted interaction between donor molecules. 
 Because dppeS2•TIE and dppeSe2•TIE are isostructural, the phenyl ring 
interactions observed within each complex have similar centroid-centroid distances and 
planar angles. Both polymorphs have vertix-to-face and offset-face-to-face phenyl 
embraces forming sheets of the acceptors. 
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Off set Face-to-Face  












Off set Face-to-Face A-D 



















































D-D: donor-donor  
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Polymorph Comparison  
Both dppe•1,4-F4DIBmono and dppe•1,4-F4DIBtri form chains connected via XB 
between alternating donor and acceptor. The XB chains form steps in one direction The 
dppe•1,4-F4DIBtri cocrystal and the dppe•1,4-F4DIB-m cocrystal have similar C-I•••P 
angles, Table 5.2. The packing diagrams for both cocrystals are similar, but differ in the 
relative orientation of neighboring chains. Dppe•1,4-F4DIBmono has adjacent XB chains at 
an angle of 65.3 ° whereas the1,4-F4DIBtri has an angle of 0 °, figure 5.21. The triclinic 
cocrystal has chains running parallel while the monoclinic cocrystal has a distinctive 
acute angle between XB chains.  
 The XB chains can be thought of as layers. If the dppe•1,4-F4DIBtri 
structure’s XB chains are rotated by about 65 ° along the c-axis viewed along the a-axis 
then the dppe•1,4-F4DIBmono structure is achieved, figure 5.22. Edge-to-face phenyl 
interactions in dppe•1,4-F4DIBtri with a centroid-centroid distance of 4(1) Å and a 
dihedral angle of 89.63(18) ° along the a-axis link XB chains along the a-axis. Similar 
edge-to-face phenyl interactions in the dppe•1,4-F4DIBmono structure occur along the b-
axis with a centroid-centroid distance of 5(1) Å and an dihedral angle of 88.84(8) ° 
 
1:3 vs. 1:1 Structure Comparison 
 The dppe•3(1,4-F4DIB) cocrystal has an angle of 0 ° between adjacent XB chains 
similar to the dppe•1,4-F4DIBtri cocrystal. The obvious difference in the 1:3 and 1:1 
structures is the extra two molecules of 1,4-F4DIB. The two molecules of 1,4-F4DIB are 
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not involved with the XB chain but do have weak XB interactions to the iodine atoms 












         
 
 











   
               
Figure 5.22 Dppe•1,4-F4DIBtri viewed along the b-axis with alternating XB chains 
labeled in blue and yellow. (Top) Dppe•1,4-F4DIBmono viewed along the b-axis with 
alternating XB chains labeled in blue and yellow. (Bottom) Rotating the yellow in the 
triclinic layer by ~65 ° results in the monoclinic structure. Edge-to-face phenyl 




If either of the 1:1 dppe•1,4-F4DIB polymorphs has one layer replaced by the 
uncomplexed 1,4-F4DIB molecules then the 1:3 structure is achieved, figure 5.23. Both 
1:1 polymorphs has similar distances and angles. The 1:3 structure has longer XBs with 


















Figure 5.23 Dppe•1,4-F4DIBtri (Top Left) and dppe•1,4-F4DIBmono (Top Right) If the 





DppeO2 Vs. dppe Structure Comparison  
The monoclinic cocrystal, dppeO2•1,4-F4DIB, has a XB chain angle of 71 ° 
between adjacent XB chains. DppeO2•1,4-F4DBrB has no XB interactions. The acceptors 
are hydrogen bonded forming a chain with an angle of 0°. The C-H•••O bonds have a 
H•••O distance of 2.375 Å and a C-H•••O angle of 142.5 ° typical of C-H•••O HBs.14 
DppeO2•1,4-F4DIB has a slightly weaker XB interactions (normalized XB distance of 
0.873 versus 0.844 for the 1:1 dppe•1,4-F4DIB cocrystals and 0.860 for dppe•3(1,4-
F4DIB). Oxygen is much harder than phosphorous making it a weaker donor of electrons. 
The NXBs are close possibly due to steric hindrance. Phosphorous is more difficult for 
1,4-F4DIB molecule to approach in order to form XBs. Oxygen has less steric hindrance 
making it easier for 1,4-F4DIB to approach the acceptor site 
 
TIE Vs. dppe and dppeO2 Structures 
 dppeS2•TIE and dppeSe2•TIE are isostructural. The averaged normalized XB 
distance for both structures is 0.914 and 0.895 respectively resulting in Se acting as a 
slightly better XB acceptor. The normalized XB distances for the TIE structures are 
similar to those of the dppe structures. DppeO2 is the best XB acceptor considering only 
XB distances giving rise to the order O > Se ~ S ~ P of best to worst XB acceptor. 
 The structures of dppeS2/Se2•TIE are very different than the chain structures of 
dppe•1,4-F4DIB structures and the dppeO2•1,4-F4DIB structure. TIE forms XB with all 
four iodine atoms with different acceptor molecules producing a 2D sheet structure. The 
only difference in the dppeS2/Se2•TIE structures is the disorder displayed in the TIE 
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donor molecule for dppeSe2•TIE. The I-I distance within the TIE molecule is about 3.6 Å 
in both directions across the molecule allowing it orient itself in two possible 
orientations.7  
 
Weak C-H•••F Interactions  
 All five cocrystals with 1,4-F4DIB have weak C-H•••F interactions. Some of the 
H•••F contacts are slightly longer than the sum of their van der Waals radii (2.67Å)15. 
This is due to the electrostatic nature of C-H•••F interactions as described by Pauling.16  
The only evidence of C-H•••F interactions within the cocrystals in this chapter are 
the bond lengths and angles. The longest H•••F distance is 2.887 Å for dppeO2•1,4-
F4DIB with an angle of 122.5° and is likely more of an electrostatic interaction. All of the 
structures contain at least one H•••F contact at or below the sum of the van der Waals 
radii and angles between 122.5 ° and 157.7 °. Table 5.6 lists the C-H•••F distances and 











Table 5.6 C-H•••F bond lengths and angles 













































Stability of 1:1 dppe•1,4-F4DIB structures 
 Both 1:1 dppe•1,4-F4DIB structures pack similarly. The monoclinic structure is 
more stable based on mechanochemical experiments. After 12 minutes of grinding the 
triclinic structure converts to the monoclinic structure. Both 1:1 structures have similar 




 Three new phosphorous acceptors have been characterized structurally and 
thermally. The secondary synthons, phenyl embrace interactions, provide linkages in 
different directions when the XB only provides chain structures. The primary motif for 
structures within this chapter is the chain. The dppeS2•TIE and dppeSe2•TIE structures 
form sheets of donor and acceptor molecules due to the amphoteric nature of TIE.  
All cocrystals can be synthesized via mechanochemical means. The ability to 
mechanochemically synthesize cocrystals provides a green route to the production of 
materials and by producing binary phase diagrams for cocrystals, the ability to predict the 
ratios for cocrystals is possible.17 Upon mechanochemical synthesis of dppe•1,4-F4DIB 
the triclinic polymorph forms first then converts to the monoclinic polymorph upon 
grinding beyond 12 minutes. 
Weak C-H•••F interactions are seen in all complexes involving 1,4-F4DIB. 
Halogen bonds are found in all complexes except for dppeO2•1,4-F4DBrB which has only 
hydrogen bonds between donor molecules. Phenyl embraces are observed in all structures 
and are important secondary structural features. Both dppe•1,4-F4DIB 1:1 polymorphs 
pack similarly but differ in XB chain torsion angles to adjacent XB chains. 








(1) Godfrey, S. M.; Kelly, D. G.; McAuliffe, C. A.; Mackie, A. G.; Pritchard, 
R. G.; Watson, S. M. J. Chem. Soc.-Chem. Commun. 1991, 1163. 
 (2) Cotton, F. A.; Kibala, P. A. J. Am. Chem. Soc. 1987, 109, 3308. 
 
(3) Pennington, W. T. H., T. W.; Arman, H.D. In Halogen Bonding 
Fundamentals and Applications; Springer: Berlin Heidelberg, 2008; Vol. 
126, p 65. 
 
(4) Pinter, B.; Nagels, N.; Herrebout, W. A.; De Proft, F. Chem.-Eur. J. 2013, 
19, 518. 
 
(5) Elgin, J. L. S., L. T.; Valente, E. J.; ZubKowski, J. D. Inorg. Chim. Acta. 
1998, 268, 151. 
 
(6) Aslanidis, P.; Cox, P. J.; Divanidis, S.; Karagiannidis, P. Inorganica 
Chimica Acta 2004, 357, 2677. 
 
(7) Bailey, R. D. H., L. L.; Watson, R. P.; Hanks, T. W.; Pennington, W. T 
Crystal Engineering 2000, 3, 155. 
 
 (8) Hassel, O. a. H., J. Acta Chem. Scand. 1954, 8, 873. 
 
 (9) Hassel, O. R., C.; Tufte, T. Acta Chem. Scand. 1961, 967. 
 
 (10) Groth, P. H., O. Acta Chem. Scand. 1964, 402. 
 
 (11) Hassel, O. H., H. Acta Chem. Scand. 1960, 391. 
 
(12) Laurence, C.; Graton, J.; Berthelot, M.; El Ghomari, M. J. Chem.-Eur. J. 
2011, 17, 10431. 
 
 (13) Dance, I.; Scudder, M. Chem.-Eur. J. 1996, 2, 481. 
 
 (14) Taylor, R.; Kennard, O. J. Am. Chem. Soc. 1982, 104, 5063. 
 
 (15) Bondi, A. The Journal of Physical Chemistry 1964, 68, 441. 
 
(16) Pauling, L. The Nature of the Chemical Bond; Cornell University: Ithaca, 
NY, 1960. 
 










 Goodwin and Lions were the first to report 2,3,5,6-tetra(2′-pyridyl)-pyrazine 
(TPPZ) as a ligand for metal coordination.1 The original assumption was that TPPZ 
would act as a tridentate ligand with all three nitrogens on one side of the molecule 
coordinating to a metal while the other three nitrogens coordinated a different metal 
atom. Steric problems involving the 6’-hydrogen atoms on the adjacent pyridyl rings 
cause TPPZ to form non-planar structures limiting the ligands ability to serve as a chain-
bridge group which lead to M(TPPZ)2 and M(TPPZ) structures.
1  
 Not until the 1990’s was TPPZ utilized in supramolecular chemistry as a 
bis(tridentate) bridging ligand.2-6 To this day only one extended chain structure has been 
reported, TPPZ•TIE7, by Padgett and coworkers. A heterotrimetallic complex, though not 
an extended chain motif, of the formula (Ru(tpy))2Os(tppz)2(PF6)6 has been reported.
8 
TPPZ complexes have a variety of applications such as methanol-based fuel cells, 
sequestering iron, molecular sensors, and photodynamic therapy, and magnetic 
materials.9-12    
 TPPZ can potentially adopt one of fourteen conformations.13 Scheme 3.1 shows 
the naming convention. The convention used to denote a specific conformation is as 
follows. The pyridine rings are labeled A, B, C and D with respect to the 2, 3, 5, and 6 
positions of the pyrazine. The A ring is defined as having the nitrogen above the plane. 














        5NNNN              3XNXN 
 
Scheme 6.1 (above) The pyridine ring labeling of TPPZ (below) The 5NNNN and 3XNXN 
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nitrogen below the plane. Family 3 has rings C and D nitrogens down. Family 4 has rings 
B and D nitrogens down. Family 5 has rings B and C nitrogens down. The letters X and 
N are used following the family number denoting an exo (X) or endo (N) conformation. 
Exo has the nitrogens in the pyridine ring pointed toward the exterior of the molecule. 
Endo has the nitrogens pointing toward the interior of the molecule. The Npz-C-C-Npy 
dihedral angle is < 90 ° for X and > 90 for N.  
TPPZ can be crystallized in one of two polymorphs. The monoclinic polymorph 
has a conformation of 5NNNN, grown from chloroform or methylene chloride, and the 
tetragonal polymorph, grown from ethanol, crystallizes with a conformation of 3XNXN. 
Padgett and coworkers suggested that the solvent-dependence of conformation for TPPZ 
might be utilized for the design of cocrystals.13   
 The use of TPPZ as a metal ligand is the most explored system, while its use in 
other systems such as halogen bond based cocrystals has not be explored in as much 
detail. Three cocrystals have been reported using TPPZ as the acceptor forming halogen 
bonds with an organoiodide or I2.
7,14 The TPPZ•6I2
7, figure 6.1, cocrystal crystallizes in 
the P21/c space group with TPPZ•4I2 units linked through bridging I2 molecules, figure 
6.2. TPPZ within the TPPZ•6I2 cocrystal adops the 3XNXN conformation which is the 
conformation of the tetragonal polymorph of TPPZ. TPPZ•2I2 was reported in 1997 by 
Bailey and coworkers with TPPZ adopting the 4NNNN conformation which is different 
from both polymorphs of TPPZ.  TPPZ and 2I2 form adducts, figure 6.3, which are linked 













































crystallizes in the C2/c space group with TPPZ adopting the 4NNNN conformation, figure 
6.5.7 TPPZ and TIE form XB chains, figure 6.6 with TIE linked through the 2 and 5 
positions on the pyrazine ring. The pyridine rings in TPPZ interact through edge-to-face 
interactions with H•••C distances ranging from 2.90(4)-3.02(4) Å and dihedral angles of 
50.8(2) ° and 79.9(1) °. A comparison of these reported structures with those presented in 
this dissertation will be provided later in this chapter.   
 Solid state decomposition7,14 occurs in both TPPZ•6I2 and TPPZ•2I2 over 2-3 
weeks with the loss of iodine molecules resulting in the TPPZ polymorph that most 
closely resembles the conformation in the complex. This is a demonstration of Ostwald’s 
Rule of Stages,15 which states “an unstable chemical system will often transform directly 
into the one it most closely resembles.”7 Decomposition of TPPZ•TIE results in TPPZ 






Figure 6.5 TPPZ•TIE, XB chain with TIE bonded to TPPZ through the 2 and 5 positions 





















Structure of TPPZ•3(1,4-F4DIB) 
 TPPZ•3(1,4-F4DIB) crystallizes in the triclinic space group, P-1, with one 
formula units per cell. The asymmetric unit consists of one and a half molecules of 1,4-
F4DIB with the half molecule located on an inversion center at (½, ½, 1) and the whole 
molecule located on a general position and half a molecule of TPPZ located on an 
inversion center at (½, ½, ½). The TPPZ adopts the 5NNNN conformation. The 1,4-F4DIB 
molecules are planar to within 0.0195(53) Å.  
Nitrogen•••iodine halogen bonding links donor and acceptor molecules into 
chains with one 1,4-F4DIB molecule not coordinating with TPPZ (Figure 6.7). The XB 
acceptor is linked to the neighboring acceptors through offset-face-to-face interactions 
and an edge-to-face interaction through pyridine rings on TPPZ (Figure 6.8). 
 Crystallographic data is given in Table 6.1, XB distances and angles are listed in 












Figure 6.7 TPPZ•1,4-F4DIB The donors and acceptors chain with non-coordinating 1,4-

















Figure 6.8 TPPZ•1,4-F4DIB Packing with non-coordinating 1,4-F4DIB, labeled with I(3), 
between halogen bonding 1,4-F4DIB (Top); Pyridine ring interactions, edge-to-face, 





Structure of TPPZ•1,4-F2TIB 
 TPPZ•1,4-F2TIB crystallizes in the tetragonal space group, P4(2)/m, with two 
formula units per cell. The asymmetric unit consists of a quarter-molecule of of TPPZ 
located on a 2/m site at (½, 0, ½) and a quarter of a molecule of 1,4-F2TIB located on a 
2/m site at (0, ½, ½).  As in the 1,4-F4DIB cocrystal described above, TPPZ adopts the 
5NNNN conformation. The 1,4-F2TIB molecules is planar to within 0.1280(11) Å.  
Nitrogen•••iodine halogen bonding links donor and acceptor molecules into 
chains (Figure 6.9). The XB acceptors are linked via edge-to-face interactions between 
pyridyl rings occur between neighboring chains (Figure 6.10). 
 Crystallographic data is given in Table 6.1 and XB distances and angles are listed 


























          
Figure 6.10 TPPZ•1,4-F2TIB packing diagram with orthogonal XB chains (Top) View 
rotated 90 ° from right to left (Bottom Left) A single edge-to-face interaction represented 




Structure of TPPZ•4,4′-F8DIBPh•CHCl3 
 TPPZ•4,4’-F8DIBPh•2CHCl3 crystallizes in the triclinic space group, P-1, with 
one formula units per cell. The asymmetric unit consists of half a molecule of TPPZ 
located on an inversion center at (½, 0, 0) and one molecule of 4,4′-F8DIB and CHCl3 
located on a general positions. The TPPZ adopts the 3XNXN conformation. The dihedral 
angle between the phenyl rings of 4,4′-F8DIB is 55.54(54) °.  
Nitrogen•••iodine halogen bonding links donor and acceptor molecules into 
chains (Figure 6.11). The XB acceptors are linked via edge-to-face interactions between 
pyridyl rings occur between neighboring chains (Figure 6.12).  
 Crystallographic data is given in Table 6.1, XB distances and angles are listed in 

























Figure 3.12 TPPZ•4,4’-F8DIBPh Packing diagram with solvent molecule between donor 
molecules (Top) Pyridyl ring edge-to-face interactions with green arrows pointing 




Table 6.1 Crystallographic Data 
Cocrystal TPPZ•3(1,4-F4DIB) TPPZ•1,4-F2TIB TPPZ•4,4-F8DIB•2CHCl3 
formula I6F12N6C42H20 I4F2N6C30H16 I2Cl6F8N6C36H22 
Mw 1598.05 1006.09 1157.10 
Space 
Group 
P-1 P42/m P-1 
a/Å 8.5133(17) 8.6882(13) 10.426(6) 
b/Å 10.762(2) 8.6882(12) 10.575(7) 
c/Å 13.231(3) 20.313(3) 13.092(6) 
α/deg 74.71(4) 90.00 87.10(4) 
β/deg 84.89(3) 90.00 74.96(4) 
γ/deg 73.32(3) 90.00 84.85(4) 
V/Å3 1120.0(4) 1533.3(4) 1387.8(5) 
Z 1 2 2 
Dc/g cm-3 2.331 2.179 2.263 
μ/mm-1 2.881 4.108 2.004 
Transmissn 
Coeff 
0.7477/1.000 0.7115/1.000 0.7011/1.000 
No. of ref. 
unique 
4463 1597 5613 
No. of obsd 
data 
(I>2σ(I)) 
3678 1540 3260 
Ra 0.0548 0.0360 0.1105 
Rall 0.0670 0.0395 0.1640 
WR
b 0.1307 0.0829 0.2613 



















































2.989(3) 171.5(1) 112.0(2) 
117.0(2) 
TPPZ•6I2















































D-D: donor-donor aromatic interaction 




















Table 6.4 reports the thermal analysis for TPPZ•1,4-F2TIB and related cocrystals. 
TPPZ•1,4-F2TIB has an onset temperature of 229 °C with a 62.2 % mass loss attributed 
to 1,4-F2TIB. A second onset temperature of 313 °C is observed attributed to TPPZ with 
a 34.4 % mass loss and decomposes at 370 °C with further heating. Two distinct melts 
are observed with the first being a melt at 248 °C and the second being the melting of the 
remaining TPPZ at 289.9 °C.  
TPPZ•TIE has an onset temperature of 204 °C which is higher than that of pure 
TIE and lower than the onset temperature for TPPZ•2(1,4-F2TIB) has an onset 
temperature higher than that of pure 1,4-F2TIB as well indicating that the XBs formed 
with TPPZ are strong enough to hold onto the XB donors beyond the expected onset 
temperature of the pure donors.  
 TPPZ•2I2 has two distinct thermal events each attributed to the loss of I2. The 
first has an onset temperature of 105-118 °C with about 40 % mass loss and the second 
has an onset temperature of 160-175 °C with 10-15 % mass loss. The remaining I2 
molecules are lost over time as TPPZ’s melting temperature is approached.  










Table 6.4 Thermal Data 







TIE 185 100 100 TIE 
TPPZ 370 100 100 TPPZ 
1,4-F2TIB 224 100 100 1,4-F2TIB 
TPPZ•3(1,4-F4DIB)  
 














    
TPPZ•TIE7 
 




























 Nine different TPPZ conformations are reported in the literature.13 TPPZ is 
observed to have the following conformations: 5NNNN, 3XNXN, 3NNNN, 5XXXX, 2NNNN, 
2NXNN, 4XXXX, 2NNXX, 4NNNN. TPPZ in halogen bonded cocrystals occupies three of the 
above conformations; the other conformations are observed in metal complexes of TPPZ.  
 XB chains and adducts are common in structures involving TPPZ and I2. 
TPPZ•6I27 has chains of XB donor and acceptor with I2 molecules halogen bonded to the 
I2 molecules XB to TPPZ. TIE also forms a chain with TPPZ with two iodine atoms form 
TIE XB to the same TPPZ molecule in TPPZ•TIE.7 TPPZ•2I2 prefers adducts involving 
the 2 and 5 positions of pyrazine ring.  
 A CCDC search resulted in three known structures involving TPPZ and 
organoiodine or I2, Table 6.5. The organoiodide structure is TPPZ•TIE with chain motifs. 
The other two structures are TPPZ and I2 in either 1:6 or 1:2 ratios of acceptor to donor. 
The I2 structures preferred chain and adduct motifs respectively. Table 6.4 lists reported 









Table 6.5 Known XB TPPZ•I2/organoiodide structures 









116.974     111.967 






115.078     123.946 
110.219     132.695 
Chain 






















 The TPPZ•6I2 cocrystal has the shortest N•••I contact of 2.56(3) Å. The presence 
of the halogen bond results in a lengthening of the covalent bond between the iodine 
atoms of I2. The longest N•••I contact is observed in the TPPZ•1,4-F2TIB cocrystal with a 
distance of 3.077(3) Å. The longer halogen bond may be due to chelation of 1,4-F2TIB 
with the acceptor. If the halogen bond distance is decreased then the C-I•••N angle would 
begin to deviate from linearity. Simply stated, geometric matching of the donor and 
acceptor molecules affects the strength of the XB. Alternatively, one XB could be short 
and the other long but the cocrystal prefers to have to weaker XBs. All cocrystals have 
nearly linear C-I•••N angles or in the case of TPPZ•6I2, I-I•••N angle. Both TPPZ•1,4-
F4DIB and TPPZ•4,4′-DIOFBPh form chains. Each nitrogen on the acceptor forms a 
halogen bond with one iodine atom of a donor molecule. In the case of TPPZ•1,4-F4DIB, 
an unbound 1,4-F4DIB lies in between donor molecules that are bound through halogen 
bonds to the acceptor.   
 Both TPPZ•TIE7 and TPPZ•1,4-F2TIB have the donor chelated by two pyridine 
rings located on the TPPZ molecule. They chelate the acceptor in different ways. In the 
case of TPPZ•TIE, a TIE molecule chelates through pyridine rings located at the 2- and 
5- position of the pyrazine while another TIE molecule interacts through the 3- and 6 
positions of the pyrazine. TPPZ•2I2 cocrystal, like TPPZ•TIE, has donor molecules, I2 
molecules, interacting through the 2- and 5- positions of the pyrazine ring. Conversely, 
TPPZ•1,4-F2TIB has a 1,4-F2TIB molecule chelated through the 2- and 6- positions of the 
pyrazine while another 1,4-F2TIB molecule interacts through the 3- and 5- position on the 
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pyrazine. The halogen bond distances are similar along with the C-I•••N angles. The C-
N•••I angles are close to square planar. The TPPZ conformation is different with 
TPPZ•TIE adopting the 4NNNN conformation and the TPPZ•1,4-F2TIB complex adopting 
the 5NNNN conformation, Table 6.2. Thermal decomposition of the TPPZ•TIE complex 
resulted in the monoclinic polymorph of TPPZ.7 The TPPZ shifted from the 
unconventional 4NNNN conformer to that seen in the TPPZ•1,4-F2TIB complex. TPPZ 
adopts the 3XNXN conformation for both TPPZ•6I2 and TPPZ•4,4′-F8DIBPh cocrystals 
which is the conformation of the tetragonal form of TPPZ.  
 
Mechanosynthesis 
 The only TPPZ cocrystal that could be synthesized mechanochemically is 
TPPZ•1,4-F2TIB, figure 6.13. TPPZ•3(1,4-F4DIB), figure 6.10, and TPPZ•4,4′-F8DIBPh 
produced only mixtures of the donors and acceptors. Grinding experiments were 
performed for 10-, 20-, and 30-minute grinding periouds. Several solvents were used in 
order to attempt solvent assisted grinding, but no cocrystal formation was observed. 
Table 6.6 reports the TPPZ conformations observed in each cocrystal. 
 TPPZ•1,4-F4DIB crystallizes with a TPPZ conformation of 5NNNN grown from 
dichloromethane. Grinding with dichloromethane results in a mixture of the desired 






Figure 6.13 XRD of TPPZ•1,4-F2TIB after grinding both donor and acceptor (Top) XRD 
of TPPZ•1,4-F4DIB after grinding (Bottom). 
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Table 6.6 TPPZ Conformations 
Complex TPPZ Conformation Solvent 
TPPZ (Tetragonal)16 3XNXN Ethanol 
















4NNNN Methylene Chloride 
TPPZ•6I2






















Chloroform crystallizes the 5NNNN conformation of pure TPPZ but the cocrystal requires 
the 3XNXN conformation, thus requiring a change in conformation . The TPPZ•4,4′-
F8DIBPh cocrystal is a solvated structure with chloroform which presents a challenge. 
TPPZ can be used in the tetragonal form which has the correct conformation, and it 
should remain in that conformation because the energy required for a change in 
conformation is 6 kJ/mol and 20 KJ/mol if a pyridyl ring points a hydrogen atom toward 
another pyridyl ring as it rotates.13 Figure 6.14 reports the XRD for TPPZ•4,4′-F8DIBPh 
after ball milling with chloroform for 10 minutes, grinding for 30 min in chloroform, and 
neat grinding. It is possible starting with the tetragonal form of TPPZ might lead to the 
desired cocrystal, but TPPZ prefers the 5NNNN conformation in chloroform. Solvated 
structures present new challenges. TPPZ•6I27 grown from chloroform crystallizes with a 











 TPPZ experiences phenyl ring type interactions through the pyridine rings. Both 
TPPZ•1,4-F4DIB and TPPZ•4,4՛-F8DIB have TPPZ molecules interacting through EF 
interactions. TPPZ•1,4-F4DIB has two OFF pyridyl ring interactions between the donor 
molecules with centroid-centroid distances of 3.2(1) Å and 3.5(1) Å and both have a 
dihedral angle of 8.1(8)° forming a ring of acceptor molecules through four EF pyridyl 
ring interactions.  
TPPZ•1,4-F2TIB has an EF pyridyl ring interaction close to the expected 5 Å
17 
with a centroid-centroid distance of 5(1) Å between pyridyl rings in TPPZ. TPPZ•4,4՛-
F8DIB has VF pyridyl ring interactions with a centroid-centroid distance of 4.4(8) Å and 
a dihedral angle of 52.1(5) ° between acceptor molecules. Donor molecules are linked 
through OFF pyridyl ring interactions with a centroid-centroid distance of 3.49(2) Å and 
a dihedral angle of 0.0(9) °. Typical OFF interactions have a distance of 3.0 Å and EF 
interaction have a distance of 5.0 Å.18 Table 6.5 displays the centroid-centroid distances 











 Three new cocrystals containing TPPZ were grown. The TPPZ conformations in 
these cocrystals were 5NNNN in two and 3XNXN in one. 4,4’-F8DIB is similar to 1,4-F4DIB 
in that they both are excellent XB donors for the formation of XB chains. TPPZ prefers 
the 3XNXN conformation in TPPZ•4,4՛-F8DIB over the 5NNNN conformation observed in 
TPPZ•1,4-F4DIB. This indicates that the XB donor has some influence on the 
conformation TPPZ will adopt for the cocrystal structure which is expected. The donor 
molecule requires the pyridyl ring nitrogen atom’s lone pair to be oriented so that a XB 
can occur.  
The primary motifs are chains with 1,4-F2TIB form XBs twice with the same 
TPPZ acceptor molecule. TPPZ•3(1,4-F4DIB) and TPPZ•4,4՛-F8DIB form XB chains in 
a similar fashion. The XB distances and angles fall within the expected ranges. 
Mechanochemical synthesis could only be achieved for TPPZ•1,4-F2TIB. 
Mechanochemical synthesis of TPPZ•1,4-F4DIB shows evidence of for the presences of 
the structure but has excess 1,4-F4DIB. The fact that TPPZ•4,4՛-F8DIB is a solvated 
structure might add more complexity to the mechanochemical synthesis of the cocrystal. 
Chloroform acts as a template for the 5NNNN conformation of pure TPPZ so the XB donor 
must overcome the preference for TPPZ to adopt the 5NNNN conformation to give the 
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 A Dye-Sensitized Solar Cell (DSSC) or Gratzel cell is a device that produces 
electrical current through the conversion of solar radiation.1 Mathew and coworkers2 have 
demonstrated a DSSC with an efficiency of 13% but most are lower.2 Advantages of 
DSSCs over current solar technologies are that they are able to operate at higher 
temperatures3 than other solar cell technologies, that they show slow recombination 
kinetics between triiodide and TiO2,
4 and that they absorb a higher percentage of light.1 
A DSSC operates by absorbing light, resulting in photoelectron injection into the 
conduction band of TiO2 leaving a hole in the dye. The hole is transferred to the counter-
electrode via redox active-electrolyte. The electrolyte is then reduced at the counter-
electrode. 
Electrolytes can be volatile organic liquids (VOC), room temperature ionic liquids 
(RTIL), or polymers.1 VOCs have a high incident photon-to-current potential of 74-78% 
but suffer from low boiling points,1 and electrolyte leakage.5 
RTILs were thought to have low efficiencies due to poor ion mobility attributed to 
high viscosity, but have low vapor pressures making evaporation less of a problem.6 
Later, Grätzel and coworkers realized that the ions didn’t just undergo physical (or 
vehicular) diffusion, but that there must be some other phenomenon going on.7 Water 
was known to conduct by a proton-hopping (Or Grotthuss) mechanism.8 Then Nogueira 
and coworkers realized that iodide/triiodide could do the same thing as proton hopping.9 
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A RTIL combined with an I/I3
- redox couple demonstrated that RTILs have potential due 
to iodide hopping.10  Iodine/triiodine containing electrolytes rapidly transport redox 
equivalents between electrodes6,10,11 via iodine hopping.12 
The I-/I3
- electrolyte couple is currently the most popular redox-active electrolyte 
due to its low light absorption, rapid dye regeneration, low recombination kinetics, and 
suitable redox potential.4 Iodine hopping is the transfer of iodine by a series of I-I bond 
breaking and forming resulting in the net transfer of iodine from one end of the 
iodine/triiodine chain to the other with very small displacement of any one iodine atom.12 
Figure 7.1 demonstrates how DSSCs operate. The iodine hopping mechanism is 
illustrated in figure 7.2.   
 By incorporating oragnoiodines into the electrolyte, a new strategy for improving 
the hopping mechanism can potentially be achieved. The use of organoiodines allows for 
electronic tuning of I-I bond strength to enhance iodine hopping.   
 Tetraalkylammonium iodides have been utilized in DSSC electrolytes before13 but 
have not incorporated organoiodines. Seven new structures containing [N(alkyl)4]I3 and 
organoiodines have been synthesized. They are easily grown by slow evaporation of 
solvent or in some cases can be produced through mechanochemical means.  
















Figure 7.1 Schematic of a Dye-Sensitized Solar Cell.2 
                                                 




 Structures of [N(alkyl)4]I3•X-organoiodine include cations of N(Me/Et/Pr/Bu)4+. 
Donor molecules include TIE, 1,4-F4DIB, and 1,4-F2TIB. Crystallographic data are listed 
in Table 7.1 and halogen bond distances and angles are listed in Table 7.2. Scheme 1 lists 
the donor and acceptors used within this chapter. 
Donors 
    
        TIE   1,4-F2TIB   1,4-F4DIB 
Acceptors 
 
    Triiodide 
Counter Cations 
 






Structure of [N(Me)4]I3•TIE 
  
[N(Me)4]I3•TIE crystallizes in the orthorhombic space group, Pna21, with four 
formula units per cell. The asymmetric unit consists of one ion of [N(Me)4]
+, I3
-, and TIE 
located on general positions. The I3
- anions are linear to with an angle of 177.58(8)° and 
the TIE donors are planar to within 0.03(3) Å. 
Iodine•••iodine halogen bonding links donor and acceptor moieties into 2D sheets 
(Figure 7.2). The XB donor is stacked above a neighboring acceptor molecule with a 
distance of 3.7(2) Å (Figure 7.3). 
 Crystallographic data is given in Table 7.1 and XB distances and angles are listed 















Figure 7.3 [N(Me)4]I3•TIE Honeycomb structure with N(Me)4














Structure of [N(Et)4]I3•1.5TIE 
 [N(Et)4]I3•1.5TIE crystallizes in the monoclinic space group, P21/c, with four 
formula units per cell. The asymmetric unit consists of one ion of [N(Et)4]
+ and I3
- 
located on general positions and one TIE molecule located on an inversion center located 
at (0, ½, 0) and the other TIE molecule located on a general position. The I3
- anions are 
linear to with an angle of 178.62(3)° and TIE is planar to within 0.053(3) Å. 
Iodine•••iodine halogen bonding links donor and acceptor molecules into a 3D 
network (Figure 7.4). TIE molecules form XBs to I3
- ions at both terminal iodine atoms 
and central iodine atoms (Figure 7.5). 
 Crystallographic data is given in Table 7.1 and XB distances and angles are listed 





Figure 7.4 [N(Et)4]I3•1.5TIE 3D network viewed along the a-axis. I3
- ions form a chain 


















Structure of [N(Pr)4]I3•TIE 
 [N(Pr)4]I3•TIE crystallizes in the orthorhombic space group, P212121,, with four 
formula units per cell. The asymmetric unit consists of one molecule of [N(Et)4]
+, I3
, and 
TIE located on general positions. The I3
- anions are linear to with an angle of 178.17(4)° 
and TIE is planar to within 0.006(3) Å. 
Iodine•••iodine halogen bonding links donor and acceptor molecules into 2D 
sheets (Figure 7.6). TIE has all four iodine atoms acting as XB donors and one acting as a 
XB acceptor connecting sheets of TIE and I3
- to neighboring sheets. (Figure 7.7). 
 Crystallographic data is given in Table 7.1 and XB distances and angles are listed 






Figure 7.6 [N(Pr)4]I3•TIE Donor-acceptor XB connectivity. N(Pr)4





Figure 7.7 [N(Pr)4]I3•TIE Packing diagram showing layers of XB donor and acceptor 









Structure of [N(Bu)4]I3•TIE 
[N(Bu)4]I3•TIE crystallizes in the monoclinic space group, P21/c,, with four 
formula units per cell. The asymmetric unit consists of one molecule of [N(Bu)4]
+, I3
-, and 
TIE located on general positions. The I3
- anions are linear to with an angle of 175.11(2)° 
and TIE is planar to within 0.0191(16) Å. 
Iodine•••iodine halogen bonding links donor and acceptor molecules into a 3D 
network (Figure 7.8). Four TIE molecules are linked through I3
- ions (Figure 7.9). 
 Crystallographic data is given in Table 7.1 and XB distances and angles are listed 







Figure 7.8 [N(Bu)4]I3•TIE Donor-acceptor XB connectivity. [N(Bu)4]








Figure 7.9 N(Bu)4•I3•TIE Packing diagram along the a-axis. Hydrogen atoms have been 








Structure of [N(Me)4]I3•1,4-F4DIB 
 [N(Me)4]I3•1,4-F4DIB crystallizes in the monoclinic space group, P21/c,, with 
eight formula units per cell. The asymmetric unit consists of two molecules of [N(Bu)4]
+ 
and I3
 located on general positions. One and two half molecules of TIE are located on a 
general position and inversion centers at (0, ½, 0) and (½, 0, ½) respectively. The I3
- 
anions are linear an angle of 176.79(3)° and 179.70(3)° and 1,4-F4DIB is planar to within 
0.035(5) Å,  0.016(8) Å, and 0.026(9) Å. 
Iodine•••iodine halogen bonding links donor and acceptor molecules into 1D 
chains (Figure 7.10). XB chains are linked through Type I interactions through I3
- with an 
I-I•••I angle of 155.22(3)° and 157.26(3)°. The I-I-I•••I-I-I distance is 3.8358(13) Å. A 
second pair of I3- ions form Type I interactions as well with I-I•••I angle of 154.44(3)° 
and 155.57(4)° with an I-I-I•••I-I-I distance of 4.0003(16) Å (Figure 7.11). 
 Crystallographic data is given in Table 7.1 and XB distances and angles are listed 

































Figure 7.11 [N(Me)4]I3•1,4-F4DIB Packing with [N(Me)4]












Structure of [N(Et)4]I3•3(1,4-F4DIB) 
 [N(Et)4]I3•3(1,4-F4DIB) crystallizes in the monoclinic space group, C2/c,, with 
four formula units per cell. half a molecule of [N(Et)4]
+ and I3
- located on 2-fold axis at 
(0, y, ¼) and an inversion center at (½, ½, 0) respectively and half a molecule of 1,4-
F4DIB located on an inversion center at (¼, ¼, ½) and the one molecule on a general 
position. The I3
- anion is exactly linear with equal XB distances of 2.9236(7) Å and an 
angle of 180.00(2)°. 1,4-F4DIB is planar to within 1.637 (6)Å. 
Iodine•••iodine halogen bonding links donor and acceptor molecules into 1D 
chains through the central iodine atom in I3
-.(Figure 7.12). Two donor molecules form 
XBs with an I3
- ion through the terminal iodine atoms, and can be thought of as an 
adduct. XB chains are linked through phenyl embrace type interactions through the donor 
molecules with centroid-centroid distances of 5.2(8) Å and 5.1(8) Å and an angle of 
53.3(2) ° for both phenyl interactions. (Figure 7.13). 
 Crystallographic data is given in Table 7.1 and XB distances and angles are listed 






Figure 7.12 [N(Et)4]I3•3(1,4-F4DIB) XB chain with alternating donor and acceptor. Two 
donor molecules form XB with one I3
¯ anion forming and adduct with the XB chain. 

















Figure 7.13 [N(Et)4]I3•1,4-F4DIB Packing diagram along the b-axis displaying the layers 
of acceptors and donors linked via XB. Hydrogen atoms have been omitted for clarity. 





Structure of [N(Me)4]I3•1,4-F2TIB 
 [N(Me)4]I3•1,4-F2TIB crystallizes in the monoclinic space group, C2/m,, with four 
formula units per cell. One quarter of a molecule of 1,4-F2TIB is located on a 2/m site at 
(0, 0, ½) and a half a molecule of 1,4-F2TIB located on a 2/m site at (0, 0, 0) and one 
molecule of I3
- and [N(Me)4]
+ located on a mirror plane at (x, ½, z) and (x, 0, z) 
respectively. The I3
- anion is linear with an angle of 179.61(4)°. 1,4-F2TIB is planar to 
within 0.049(19) Å. 
Iodine•••iodine halogen bonding links donor and acceptor molecules into 
corrugated sheets (Figure 7.14). XB sheets are linked through π-I interactions. (Figure 
7.15). 
 Crystallographic data is given in Table 7.1 and XB distances and angles are listed 










Figure 7.14 [N(Me)4]I3•1,4-F2TIB XB chains between acceptor and donor molecules are 
linked via XB between an acceptor from a different XB chain to a donor molecule. 





Figure 7.15 [N(Me)4]I3•1,4-F2TIB Packing diagram along the b-axis. Hydrogen atoms 







Table 7.1 Crystallographic Data  
Cocrystal N(Me)4•I3•TIE N(Et)4•I3•1.5TIE N(Pr)4•I3•TIE N(Bu)4•I3•TIE 
formula NC6H12I7 NC11H20I9 NC14H28I7 NC18H36I7 
Mw 986.50 1308.43 1098.72 1154.82 
Space 
Group 
Pna21 P21/c P212121 P21/c 
a/Å 25.764(5) 7.9583(8) 12.1570(12) 14.4856(18) 
b/Å 9.768(2) 19.302(19) 13.9189(14) 16.089(3) 
c/Å 7.6184(17) 17.9110(14) 16.4702(14) 14.6478(16) 
α/deg 90 90 90 90 
β/deg 90 95.13(5) 90 113.59(6) 
γ/deg 90 90 90 90 
V/Å3 1917.4(7) 2740.4(10) 2787.0(10) 3128.6(11) 
Z 8 6 4 4 
Dc/g cm-3 3.318 3.790 3.402 2.404 
μ/mm-1 9.716 11.879 10.027 5.244 
Transmissn 
Coeff 
0.5273/1.000 0.4413/1.000 0.6312/1.000 0.6918/1.000 
No. of ref. 
unique 
3258 5552 5654 6313 
No. of obsd 
data 
(I>2σ(I)) 
2659 4678  5079 5560 
Ra 0.0575 0.0557 0.0464 0.0524 
Rall 0.0673 0.0642 0.0515 0.0587 
wR
b 0.1707 0.1589 0.1324 0.1476 











Table 7.1 Continued, Crystallographic Data 
Cocrystal N(Me)4•I3•1,4-F4DIB N(Et)4•I3•3(1,4-F4DIB) N(Me)4•I3•1,4-F2TIB 
formula NC10H12I5F4 NC26H20I9F12 NC10H12I7F2 
Mw 856.73 1716.57 1128.65 
Space 
Group 
P21/c C2/c C2/m 
a/Å 19.326(3) 28.318(4) 17.066(4) 
b/Å 12.4913(14) 8.6825(14) 8.0015(18) 
c/Å 18.865(3) 17.549(3) 16.329(3) 
α/deg 90 90 90 
β/deg 118.03(4) 104.10(3) 93.28(4) 
γ/deg 90 90 90 
V/Å3 4020.0(14) 4185.0(14) 2226.1(9) 
Z 8 8 4 
Dc/g cm-3 3.244 2.898 3.164 
μ/mm-1 8.738 7.465 9.765 
Transmissn 
Coeff 
0.6476/1.000 0.5571/1.000 0.4998/1.000 
No. of ref. 
unique 
8207 4236 2417 
No. of obsd 
data 
(I>2σ(I)) 
6276 3411 2247 
Ra 0.0526 0.0465 0.0544 
Rall 0.0700 0.0573 0.0578 
wR
b 0.1527 0.1261 0.1266 











Table 7.2 Halogen Bond Distances and Angles 












































































































































N(Me)4•I3•TIE 2.9341(13) 2.8999(13) 177.58(8) 
 
N(Et)4•I3•TIE 2.8467(9) 2.9948(9) 178.62(3) 
 
N(Prop)4•I3•TIE 2.9287(13) 2.8918(16) 178.17(4) 
 









N(Et)4•I3•3(1,4-F4DIB) 2.9236(7) 2.9236(7) 180.000(12) 
 


















 Both [N(Me)4]I3•TIE and [N(Me)4]I3•1,4-F2TIB cocrystals crystallize with layers 
of donor and acceptor molecules. They differ in that [N(Me)4]I3•TIE has donor/acceptor 
layers that are flat while [N(Me)4]I3•1,4-F2TIB has donor/acceptor layers that have a 
corrugated pattern with Type I interactions between I3
- ions. [N(Me)4]I3•1,4-F4DIB has 
one dimensional chains due to the donor being 1,4-F4DIB with iodines in para positions.  
[N(Me)4]
+ cations reside between layers for both [N(Me)4]I3•TIE and 
[N(Me)4]I3•1,4-F2TIB structures and between donor/acceptor chains in [N(Me)4]I3•1,4-
F4DIB. All four iodine atoms in TIE are involved in XBing within the [N(Me)4]I3•TIE 
whereas one donor molecule has all four iodine atoms involved in XBing and one donor 
molecule that has only two iodine atoms involved in XBing in [N(Me)4]I3•1,4-F2TIB. 
The difference in involvement of the acceptor molecules to form XBs results in very 
different sized donor/acceptor rings. The TIE structure has an R44(12) ring while the 1,4-
F2TIB structure has an R
8
8(32) ring within the layers. Both TIE and 1,4-F2TIB should 
have similar packing due to the distribution of the iodine molecules around the donor 
molecule. The iodine atoms in TIE are separated by a distance of about 3.6 Å whereas 
1,4-F2TIB has a similar separation of iodine atoms with a distance of 3.7036(18) Å and 
3.7162(14) Å within the [N(Me)4]I3•1,4-F2TIB cocrystal. The difference in packing is 
due to the separation of iodine atoms within the 1,4-F2TIB acceptor by a fluorine atom 
causing a distance between iodine atoms on either side of the fluorine atom to be about 
6.0 Å, figure 7.16.  
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~6 Å ~3.6 Å 
~3.6 Å ~3.7 Å 
 
 
















Increasing the size of the alkyl chain in [N(alkyl)4]
+ results in different XB 
contacts with I3
-. [N(Et/But)4]
+ results in the central iodine in I3
- acting as an XB acceptor. 
The central iodine in [N(Et)4]
+ has two XB contacts with the two different donor 
molecules whereas [N(but)4]
+ has only one XB contact with the donor molecule. The 
difference in structure between the even alkyl chain cation structures is the donor 
molecule in [N(Et)4]
+ has two XB contacts with terminal iodine atoms and two contacts 
with central iodine atoms within the I3
- anions whereas the [N(but)4]
+ structure has three 
contacts with terminal iodine atoms and one contacts with central iodine atoms in I3
-. 
Both structures form a sheet of acceptor-donor molecules that progress in a step motif. 
Both even alkyl chain structures result in R44(12) rings, Figure 7.17. 
The odd alkyl chain analogues of N(alkyl)4
+ only have XB contacts on the 
terminal iodine atoms within I3
-. The difference in structure between [N(Me)4]
+ and 
[N(Pr)4]
+ is the orientation of the I3
- anion within the structure. In [N(Me)4]
+ the I3
- anions 
lie in the plane of the donor molecules forming a honeycomb structure.  I3
- in [N(Pr)4]
+ 
lies perpendicular to the donor molecules resulting in two XB contacts with two different 
donor molecules. (Figure 7.18) 
Both [N(Me)4]•I3•1,4-F4DIB and [N(Et)4]•I3•3(1,4-F4DIB) form chains through 
XB contacts between donor and acceptor molecules with the difference in 
[N(alkyl)4]
+:I3
̄:1,4-F4DIB ratio. The [N(Et)4]
+ structure has a 1:1:3 ratio. Two donor 
molecules have XB contacts with the central iodine atom in the I3
- anion while the third 
forms an extended chain of through terminal iodine atoms in I3
-. Both 1,4-F4DIB 





Figure 7.17 [N(Et)4]I3•TIE (top) and [N(Bu)4]I3•TIE (below) Acceptor-Donor 
interactions. N(alkyl)4






Figure 7.18 [N(Me)4]I3•TIE (top) and [N(Pr)4]I3•TIE (below) Acceptor-Donor 
interactions. [N(alkyl)4]




acceptor molecules with the [N(alkyl)4]
+ cations lying between donor layers and in-
between acceptor molecules.   
[N(Et)4]I3•3(1,4-F4DIB) is the only structure to have symmetrical I3
- with an I-I-I 
angle of 180 °. The XB chain is linked through the central iodine atom in the I3
- anion 
with XB with one molecule of 1,4-F4DIB XB to each terminal iodine atom. The central 
iodine atom in I3 ̄  forms XB with TIE in the [N(Et/But)4]I3•TIE structures. Due to TIE 
requiring to be close enough to form XB contacts, I3 ̄  becomes distorted and deviates 
from linearity. Terminal iodine atoms in I3
- in [N(Et)4]I3•3(1,4-F4DIB) form only one XB 
contact per 1,4-F4DIB molecule allowing the I3 ̄  anion to remain linear. Figure 7.18 






















     (c) 
Figure 7.19 I3












 Seven new cocrystals have been synthesized involving [N(alkyl)4]
+ cations and 
the I3 ̄  anion with organoiodide donor molecules. The primary motifs for the TIE and 1,4-
F2TIB cocrystals are sheets. The motifs for the 1,4-F4DIB structures prefer chains.  
The bond distances between iodine atoms in the I3 ̄  anion are typically 
asymmetrical with the exception of the [N(Et)4]I3•3(1,4-F4DIB) cocrystal which has 
equal bond lengths between iodine atoms through the central iodine atom in I3 ̄.  I3 ̄ forms 
two pairs of XBs with each pair of XB being equal distant affording the bond distance 
between iodine atoms to be equal.  
 Only the [N(alkyl)4]I3•donor, alkyl = 2 or 4, form XB with both terminal and 
central iodine atoms in I3 ̄ . The odd alkyl chains only form XB through terminal iodine 
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 The cocrystals reported here fall within expected distances and angles for XBing. 
The strength of the different types of XB acceptors are equivalent with a NXB of 0.83(3), 
0.85(6), 0.88(2), 0.86(5), and 0.92(3) for N, S, Se, and I acceptors, respectively. The 
strongest XBed cocrystal reported here has a NXB of 0.720 for dpphexS2•I2.  
   
Motifs 
The primary motif observed from structures with an electrophilic site on opposite 
ends of the donor molecule are chains, i.e. 1,4-F4DIB or 4,4’-F8DIBPh. Sheets and 3D 
networks arise with more than two electrophilic sites, for example, the TIE molecule has 
four electrophilic sites. Chains are still possible with TIE but it does afford the 
opportunity to form sheet motifs.  
Motifs for the nitrogen XBed cocrystals form chains with the acceptor sites 
opposite each other in the molecule.  
 The dppnE2, E = S, Se, acceptors can be tuned by length of the alkyl chain to form 
chains, 3D networks, sheets, or chains. When n = 2, for the dppnE2•TIE series of 
structures, sheet motifs are observed. By increasing the alkyl chain by one, 3D networks 
are observed. The odd alkyl chain has the acceptor sites oriented with a gauche 
conformation making chains less likely though still possible as seen in dpppentE2•TIE 
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due to only one acceptor site forming a XB. When n = 5, only one acceptor site is 
involved in XBs.  
The even alkyl chains have an E-P-P-E torsion angle of 180° making chain 
structures a likely motif. If donor molecules such as TIE are used then sheets are possible 
as observed in dppeE2•TIE and dppbutE2•TIE.  
 With the absence of another nucleophilic site in the dppn acceptor phosphorous 
can form XBs. Chain motifs are observed with 1,4-F4DIB and 4,4’-F8DIBPh donors.  
 Motifs observed in N(CnH2n-1)4•I3•TIE and N(CH3)4•I3•1,4-F2TIB are sheets, and 
N(CnH2n-1)4•I3•1,4-F4DIB are chains. 
 
Aromatic Interactions 
 Phenyl embraces are useful supramolecular synthons that act as secondary linking 
interactions for molecules with phenyl groups. The typical distance observed in the 
literature for an edge-to-face phenyl interaction is 5 Å and 3.7-8.0 Å for offset-face-to-
face interactions.1 Phenyl interactions that have a dihedral angle close to 45° are observed 
in all the acceptor types. This is in-between face-to-face and edge-to-face interaction 
angles, 0° and 90° respectively. All dppnE2, E = S or Se structures have phenyl embraces. 
Aromatic heterocycles such as 4,4’-Me2-2,2’-bpy, phenazine, and quinoxaline have 
aromatic interactions like phenyl embraces. 
 Vertix-to-face and edge-to-face interactions differ only in that vertex-to-face 
phenyl interactions have a single hydrogen atom pointed toward the plane on a phenyl 
ring on a neighboring molecule. The dihedral angle is statistically equivalent. 
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 Phenyl embraces can complement XBs in designing cocrystals. Supramolecular 
structure can possibly be controlled based on the interactions possible. More than one 
complementary interaction affords greater potential cocrystal formation.  
 
Mechanochemistry 
All but two cocrystals, TPPZ•3(1,4-F4DIB) and TPPZ•4,4′-F8DIBPh, reported 
here can be synthesized via mechanochemical synthesis. For a binary system a plot of 
mole fraction versus melting point might provide insight into the ratios of cocrystals 
possible. The peaks provide information about the ratio of donor and acceptor while the 
minimums provide information about eutectic melting points.  
Grinding is a convenient synthetic method, but in cases where two polymorphs 
are possible grinding may favor one polymorph over the other as observed in the 
quinox•I2 polymorphs.  
Another situation in which two polymorphs are possible one might form first then 
after a time the first polymorph observed on initial grinding may change to the second 




 Cocrystals with fluorinated donor molecules have distances and angles indicative 
of C-H•••F interactions. The only evidence presented here are distances and angles. 
Cocrystals that have distance and angle evidence of C-H•••F interactions are 4,4’-Me2-
2,2’-bpy•1,4-F4DIB, quinox•4,4’-F8DIB, 4,4’-bipyrdine•4,4’-F8DIB, phenazine•4,4’-
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F8DIB, dppe•1,4-F4DIBmono, dppe•1,4-F4DIBtri, dppe•3(1,4-F4DIB), dppeO2•1,4-F4DIB, 




 The combination of XBs, phenyl embraces, C-H•••F interactions, and geometry 
of donor and acceptor molecules can be used to control the structure of a supramolecular 
cocrystal. This control of structure provides opportunity to design cocrystals for specific 


























































Crystallographic Information Files 
 
Chapter 3 CIF Files Page 




Cd6400 Phenazine•4,4’-F8DIBPh 325 
Cd6505 Quinox•4,4’-F8DIBPh 341 




Chapter 4 CIF Files 
Cd6035a dppprS2•TIE 367 
Cd6139a dppprSe2•TIE 382 
Cd6232a dppbutS2•1,4-F2TIB 400 
Cd6284a dppbutSe2•TIE 412 
Cd6285a dppprS2•2I2 423 
Cd6286b dpphexS2•2I2 433 
Cd6313a dpphexSe2•CHI3 441 
Cd6315a dppeS2•4,4’-F8DIBPh 452 
Cd6879a dpppenSe2•TIE 467 
Cd7032a dpppenS2•TIE 478 
Chapter 5 CIF Files 
Cd6020_newa dppeO2•1,4-F4DIB 490 
Cd6021a dppeS2•TIE 500 
Cd6175a dppeSe2•TIE 517 
Cd6212a dppe•3(1,4-F4DIB) 524 
Cd6236a dppeO2•1,4-F4DBrB 534 
Cd6490a dppe•1,4-F4DIBmono 543 
Cd6912b dppe•1,4-F4DIBtri 553 
Chapter 6 CIF Files 
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Cd5974c TPPZ•1,4-F4DIB 563 
Cd6618a TPPZ•4,4’-F8DIBPh 574 
Cd6793a TPPZ•1,4-F2TIB 595 
Chapter 7 CIF Files 
Cd7041a [N(Pr)4]I3•TIE 603 
Cd7042a [N(Me)4]I3•1,4-F4DIB 613 
Cd7043a [N(Et)4]I3•TIE 625 
Cd7044a [N(Me)4]I3•TIE 635 
Cd7045m [N(Bu)4]I3•TIE 643 
Cd7049d [N(Me)4]I3•1,4-F2TIB 653 





































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C18 H8 F2 I4 N2'  
_chemical_formula_weight          797.89  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'P2(1)/c  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  




_cell_length_a                    11.4409(15)  
_cell_length_b                    5.3912(8)  
_cell_length_c                    15.895(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  98.73(9)  
_cell_angle_gamma                 90.00  
_cell_volume                      969.0(3)  
_cell_formula_units_Z             1  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used           3727 
_cell_measurement_theta_min             2.3748 
_cell_measurement_theta_max             26.3927 
  
_exptl_crystal_description              'parallelepiped' 
_exptl_crystal_colour                   'Colorless' 
_exptl_crystal_size_max                 0.25 
_exptl_crystal_size_mid                 0.25 
_exptl_crystal_size_min                 0.20 
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.735  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              720  
_exptl_absorpt_coefficient_mu     6.455  
_exptl_absorpt_correction_type          'Multi-scan' 
_exptl_absorpt_correction_T_max         1.0000 
_exptl_absorpt_correction_T_min         0.8372 




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 





Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             8791  
_diffrn_reflns_av_R_equivalents   0.0233  
_diffrn_reflns_av_sigmaI/netI     0.0297  
_diffrn_reflns_limit_h_min        -14  
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_diffrn_reflns_limit_h_max        14  
_diffrn_reflns_limit_k_min        -6  
_diffrn_reflns_limit_k_max        6  
_diffrn_reflns_limit_l_min        -19  
_diffrn_reflns_limit_l_max        19  
_diffrn_reflns_theta_min          2.92  
_diffrn_reflns_theta_max          26.37  
_reflns_number_total              1908  
_reflns_number_gt                 1668  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0010P)^2^+3.4000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          1908  
_refine_ls_number_parameters      118  
_refine_ls_number_restraints      0  
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_refine_ls_R_factor_all           0.0276  
_refine_ls_R_factor_gt            0.0234  
_refine_ls_wR_factor_ref          0.0456  
_refine_ls_wR_factor_gt           0.0442  
_refine_ls_goodness_of_fit_ref    1.002  
_refine_ls_restrained_S_all       1.002  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
N1 N 0.4248(3) 0.2926(6) 0.50371(19) 0.0170(6) Uani 1 1 d . . .  
C7 C 0.5059(3) 0.3563(7) 0.5702(2) 0.0172(7) Uani 1 1 d . . .  
C8 C 0.4177(3) 0.4332(7) 0.4332(2) 0.0159(7) Uani 1 1 d . . .  
C9 C 0.3321(3) 0.3796(8) 0.3604(3) 0.0227(8) Uani 1 1 d . . .  
H9A H 0.2822 0.2436 0.3612 0.027 Uiso 1 1 calc R . .  
C10 C 0.3226(4) 0.5248(8) 0.2899(3) 0.0254(9) Uani 1 1 d . . .  
H10A H 0.2665 0.4870 0.2430 0.030 Uiso 1 1 calc R . .  
C11 C 0.3977(4) 0.7347(8) 0.2870(3) 0.0254(9) Uani 1 1 d . . .  
H11A H 0.3896 0.8336 0.2385 0.031 Uiso 1 1 calc R . .  
C12 C 0.5191(3) 0.2092(7) 0.6456(2) 0.0209(8) Uani 1 1 d . . .  
H12A H 0.4699 0.0731 0.6485 0.025 Uiso 1 1 calc R . .  
I1 I 0.241442(19) 0.90771(4) 0.517651(14) 0.01565(8) Uani 1 1 d . . .  
I2 I 0.01623(2) 0.90275(4) 0.330343(14) 0.01719(9) Uani 1 1 d . . .  
F1 F 0.16637(19) 0.5014(4) 0.64095(14) 0.0232(5) Uani 1 1 d . . .  
C1 C 0.0967(3) 0.6644(7) 0.5053(2) 0.0148(7) Uani 1 1 d . . .  
C2 C 0.0110(3) 0.6609(7) 0.4331(2) 0.0147(7) Uani 1 1 d . . .  
C3 C 0.0837(3) 0.5014(7) 0.5707(2) 0.0154(7) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
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 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
N1 0.0158(14) 0.0169(15) 0.0189(15) -0.0024(13) 0.0047(12) -0.0017(12)  
C7 0.0128(16) 0.0181(18) 0.0212(19) -0.0014(14) 0.0040(14) 0.0004(14)  
C8 0.0135(16) 0.0160(18) 0.0186(18) -0.0007(14) 0.0029(14) 0.0000(14)  
C9 0.0213(19) 0.025(2) 0.022(2) -0.0030(16) 0.0021(16) -0.0081(16)  
C10 0.0204(19) 0.032(2) 0.022(2) -0.0037(17) -0.0016(16) -0.0014(17)  
C11 0.028(2) 0.027(2) 0.021(2) 0.0040(17) 0.0035(17) 0.0017(18)  
C12 0.0203(18) 0.0192(19) 0.0238(19) 0.0041(16) 0.0046(15) -0.0021(16)  
I1 0.01301(12) 0.01516(13) 0.01908(14) -0.00237(9) 0.00340(9) -0.00370(9)  
I2 0.02142(14) 0.01675(13) 0.01363(13) 0.00166(9) 0.00343(9) -0.00230(9)  
F1 0.0231(11) 0.0254(12) 0.0190(11) 0.0019(9) -0.0041(9) -0.0075(9)  
C1 0.0149(16) 0.0138(16) 0.0169(17) -0.0035(14) 0.0059(14) -0.0028(13)  
C2 0.0158(17) 0.0149(17) 0.0140(17) 0.0001(13) 0.0048(14) 0.0015(14)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
N1 C7 1.341(5) . ?  
N1 C8 1.345(5) . ?  
N1 C12 2.389(5) . ?  
N1 C9 2.409(5) . ?  
N1 C7 2.424(5) 3_666 ?  
N1 C8 2.427(5) 3_666 ?  
N1 N1 2.834(6) 3_666 ?  
N1 I1 2.983(3) 1_545 ?  
N1 N1 3.604(6) 3_656 ?  
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N1 I1 3.948(3) . ?  
N1 I1 4.032(3) 3_666 ?  
C7 C12 1.425(5) . ?  
C7 C8 1.438(5) 3_666 ?  
C7 N1 2.424(5) 3_666 ?  
C8 C9 1.428(5) . ?  
C8 C7 1.438(5) 3_666 ?  
C8 N1 2.427(5) 3_666 ?  
C8 I1 3.638(4) . ?  
C9 C10 1.357(6) . ?  
C10 C11 1.426(6) . ?  
C11 C12 1.356(6) 3_666 ?  
C12 C11 1.356(6) 3_666 ?  
I1 C1 2.098(4) . ?  
I1 N1 2.983(3) 1_565 ?  
I1 C3 3.038(4) . ?  
I1 C2 3.074(4) . ?  
I1 F1 3.144(2) . ?  
I1 I2 3.6296(12) . ?  
I1 N1 4.032(3) 3_666 ?  
I1 I2 4.2111(11) 3_576 ?  
I1 I1 5.3912(11) 1_545 ?  
I2 C2 2.098(4) . ?  
I2 C3 3.012(4) 3_566 ?  
I2 C1 3.075(4) . ?  
I2 F1 3.100(2) 3_566 ?  
I2 I2 3.6932(6) 2_545 ?  
I2 I2 3.6932(6) 2 ?  
I2 I1 4.2111(11) 3_576 ?  
I2 I2 5.3912(11) 1_565 ?  
I2 I2 5.3912(11) 1_545 ?  
F1 C3 1.349(4) . ?  
F1 I2 3.100(2) 3_566 ?  
C1 C3 1.387(5) . ?  
C1 C2 1.392(5) . ?  
C2 C3 1.387(5) 3_566 ?  
C3 C2 1.387(5) 3_566 ?  
C3 I2 3.012(4) 3_566 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
305 
 
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C7 N1 C8 117.4(3) . . ?  
C7 N1 C12 31.3(2) . . ?  
C8 N1 C12 148.6(3) . . ?  
C7 N1 C9 148.1(3) . . ?  
C8 N1 C9 30.7(2) . . ?  
C12 N1 C9 179.2(2) . . ?  
C7 N1 C7 86.8(2) . 3_666 ?  
C8 N1 C7 30.57(19) . 3_666 ?  
C12 N1 C7 118.07(18) . 3_666 ?  
C9 N1 C7 61.24(15) . 3_666 ?  
C7 N1 C8 30.3(2) . 3_666 ?  
C8 N1 C8 87.1(2) . 3_666 ?  
C12 N1 C8 61.59(15) . 3_666 ?  
C9 N1 C8 117.73(18) . 3_666 ?  
C7 N1 C8 56.49(14) 3_666 3_666 ?  
C7 N1 N1 58.6(2) . 3_666 ?  
C8 N1 N1 58.8(2) . 3_666 ?  
C12 N1 N1 89.88(17) . 3_666 ?  
C9 N1 N1 89.43(17) . 3_666 ?  
C7 N1 N1 28.20(11) 3_666 3_666 ?  
C8 N1 N1 28.30(11) 3_666 3_666 ?  
C7 N1 I1 122.0(2) . 1_545 ?  
C8 N1 I1 120.0(2) . 1_545 ?  
C12 N1 I1 91.19(13) . 1_545 ?  
C9 N1 I1 89.54(13) . 1_545 ?  
C7 N1 I1 149.85(15) 3_666 1_545 ?  
C8 N1 I1 151.58(15) 3_666 1_545 ?  
N1 N1 I1 171.90(18) 3_666 1_545 ?  
C7 N1 N1 88.5(2) . 3_656 ?  
C8 N1 N1 115.8(2) . 3_656 ?  
C12 N1 N1 73.56(14) . 3_656 ?  
C9 N1 N1 106.45(17) . 3_656 ?  
C7 N1 N1 118.35(16) 3_666 3_656 ?  
C8 N1 N1 102.62(16) 3_666 3_656 ?  
N1 N1 N1 113.17(18) 3_666 3_656 ?  
I1 N1 N1 74.81(10) 1_545 3_656 ?  
C7 N1 I1 92.9(2) . . ?  
C8 N1 I1 66.93(19) . . ?  
C12 N1 I1 105.82(13) . . ?  
C9 N1 I1 74.23(13) . . ?  
C7 N1 I1 65.60(11) 3_666 . ?  
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C8 N1 I1 80.38(12) 3_666 . ?  
N1 N1 I1 70.78(12) 3_666 . ?  
I1 N1 I1 101.22(8) 1_545 . ?  
N1 N1 I1 175.90(14) 3_656 . ?  
C7 N1 I1 65.43(19) . 3_666 ?  
C8 N1 I1 91.1(2) . 3_666 ?  
C12 N1 I1 74.43(12) . 3_666 ?  
C9 N1 I1 105.02(13) . 3_666 ?  
C7 N1 I1 77.58(11) 3_666 3_666 ?  
C8 N1 I1 62.91(11) 3_666 3_666 ?  
N1 N1 I1 67.62(11) 3_666 3_666 ?  
I1 N1 I1 120.37(9) 1_545 3_666 ?  
N1 N1 I1 45.56(7) 3_656 3_666 ?  
I1 N1 I1 138.40(8) . 3_666 ?  
N1 C7 C12 119.5(3) . . ?  
N1 C7 C8 121.6(3) . 3_666 ?  
C12 C7 C8 118.9(3) . 3_666 ?  
N1 C7 N1 93.2(2) . 3_666 ?  
C12 C7 N1 147.3(3) . 3_666 ?  
C8 C7 N1 28.40(18) 3_666 3_666 ?  
N1 C8 C9 120.6(3) . . ?  
N1 C8 C7 121.0(3) . 3_666 ?  
C9 C8 C7 118.4(3) . 3_666 ?  
N1 C8 N1 92.9(2) . 3_666 ?  
C9 C8 N1 146.5(3) . 3_666 ?  
C7 C8 N1 28.09(18) 3_666 3_666 ?  
N1 C8 I1 93.2(2) . . ?  
C9 C8 I1 95.2(2) . . ?  
C7 C8 I1 80.4(2) 3_666 . ?  
N1 C8 I1 80.65(12) 3_666 . ?  
C10 C9 C8 120.7(4) . . ?  
C10 C9 N1 149.4(3) . . ?  
C8 C9 N1 28.73(19) . . ?  
C9 C10 C11 120.8(4) . . ?  
C12 C11 C10 120.4(4) 3_666 . ?  
C11 C12 C7 120.8(4) 3_666 . ?  
C11 C12 N1 150.1(3) 3_666 . ?  
C7 C12 N1 29.25(19) . . ?  
C1 I1 N1 169.08(12) . 1_565 ?  
C1 I1 C3 23.31(12) . . ?  
N1 I1 C3 167.52(9) 1_565 . ?  
C1 I1 C2 22.52(12) . . ?  
N1 I1 C2 146.59(9) 1_565 . ?  
C3 I1 C2 45.83(9) . . ?  
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C1 I1 F1 48.44(11) . . ?  
N1 I1 F1 142.43(7) 1_565 . ?  
C3 I1 F1 25.13(8) . . ?  
C2 I1 F1 70.96(8) . . ?  
C1 I1 I2 57.77(10) . . ?  
N1 I1 I2 111.34(6) 1_565 . ?  
C3 I1 I2 81.08(7) . . ?  
C2 I1 I2 35.25(7) . . ?  
F1 I1 I2 106.21(4) . . ?  
C1 I1 C8 89.97(11) . . ?  
N1 I1 C8 91.52(8) 1_565 . ?  
C3 I1 C8 88.92(9) . . ?  
C2 I1 C8 91.19(9) . . ?  
F1 I1 C8 87.67(7) . . ?  
I2 I1 C8 93.22(6) . . ?  
C1 I1 N1 83.58(11) . . ?  
N1 I1 N1 101.22(8) 1_565 . ?  
C3 I1 N1 75.69(8) . . ?  
C2 I1 N1 92.27(8) . . ?  
F1 I1 N1 69.37(6) . . ?  
I2 I1 N1 105.36(5) . . ?  
C8 I1 N1 19.89(7) . . ?  
C1 I1 N1 124.65(11) . 3_666 ?  
N1 I1 N1 59.63(9) 1_565 3_666 ?  
C3 I1 N1 116.12(8) . 3_666 ?  
C2 I1 N1 127.40(8) . 3_666 ?  
F1 I1 N1 102.57(6) . 3_666 ?  
I2 I1 N1 119.49(5) . 3_666 ?  
C8 I1 N1 36.44(7) . 3_666 ?  
N1 I1 N1 41.60(8) . 3_666 ?  
C1 I1 I2 66.07(9) . 3_576 ?  
N1 I1 I2 115.80(6) 1_565 3_576 ?  
C3 I1 I2 61.23(7) . 3_576 ?  
C2 I1 I2 74.18(6) . 3_576 ?  
F1 I1 I2 61.98(5) . 3_576 ?  
I2 I1 I2 90.050(16) . 3_576 ?  
C8 I1 I2 149.08(6) . 3_576 ?  
N1 I1 I2 131.31(4) . 3_576 ?  
N1 I1 I2 150.19(5) 3_666 3_576 ?  
C1 I1 I1 51.30(10) . 1_545 ?  
N1 I1 I1 134.09(6) 1_565 1_545 ?  
C3 I1 I1 43.85(7) . 1_545 ?  
C2 I1 I1 64.35(7) . 1_545 ?  
F1 I1 I1 45.85(4) . 1_545 ?  
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I2 I1 I1 89.578(5) . 1_545 ?  
C8 I1 I1 45.31(6) . 1_545 ?  
N1 I1 I1 32.87(4) . 1_545 ?  
N1 I1 I1 74.46(4) 3_666 1_545 ?  
I2 I1 I1 104.044(6) 3_576 1_545 ?  
C2 I2 C3 23.93(12) . 3_566 ?  
C2 I2 C1 22.51(12) . . ?  
C3 I2 C1 46.44(9) 3_566 . ?  
C2 I2 F1 49.38(11) . 3_566 ?  
C3 I2 F1 25.45(8) 3_566 3_566 ?  
C1 I2 F1 71.89(8) . 3_566 ?  
C2 I2 I1 57.77(10) . . ?  
C3 I2 I1 81.69(7) 3_566 . ?  
C1 I2 I1 35.26(7) . . ?  
F1 I2 I1 107.14(4) 3_566 . ?  
C2 I2 I2 94.18(10) . 2_545 ?  
C3 I2 I2 80.03(7) 3_566 2_545 ?  
C1 I2 I2 107.78(7) . 2_545 ?  
F1 I2 I2 65.76(5) 3_566 2_545 ?  
I1 I2 I2 123.849(14) . 2_545 ?  
C2 I2 I2 168.61(9) . 2 ?  
C3 I2 I2 151.97(7) 3_566 2 ?  
C1 I2 I2 156.25(7) . 2 ?  
F1 I2 I2 127.99(4) 3_566 2 ?  
I1 I2 I2 123.110(14) . 2 ?  
I2 I2 I2 93.753(19) 2_545 2 ?  
C2 I2 I1 66.36(9) . 3_576 ?  
C3 I2 I1 61.43(7) 3_566 3_576 ?  
C1 I2 I1 73.87(7) . 3_576 ?  
F1 I2 I1 62.62(5) 3_566 3_576 ?  
I1 I2 I1 89.950(16) . 3_576 ?  
I2 I2 I1 124.627(14) 2_545 3_576 ?  
I2 I2 I1 102.357(16) 2 3_576 ?  
C2 I2 I2 128.43(10) . 1_565 ?  
C3 I2 I2 136.33(7) 3_566 1_565 ?  
C1 I2 I2 114.70(7) . 1_565 ?  
F1 I2 I2 134.66(5) 3_566 1_565 ?  
I1 I2 I2 89.578(5) . 1_565 ?  
I2 I2 I2 136.876(10) 2_545 1_565 ?  
I2 I2 I2 43.124(10) 2 1_565 ?  
I1 I2 I2 75.956(6) 3_576 1_565 ?  
C2 I2 I2 51.57(10) . 1_545 ?  
C3 I2 I2 43.67(7) 3_566 1_545 ?  
C1 I2 I2 65.30(7) . 1_545 ?  
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F1 I2 I2 45.34(5) 3_566 1_545 ?  
I1 I2 I2 90.422(5) . 1_545 ?  
I2 I2 I2 43.124(10) 2_545 1_545 ?  
I2 I2 I2 136.876(10) 2 1_545 ?  
I1 I2 I2 104.044(6) 3_576 1_545 ?  
I2 I2 I2 180.0 1_565 1_545 ?  
C3 F1 I2 73.64(18) . 3_566 ?  
C3 F1 I1 73.01(18) . . ?  
I2 F1 I1 146.65(7) 3_566 . ?  
C3 C1 C2 117.9(3) . . ?  
C3 C1 I1 119.9(3) . . ?  
C2 C1 I1 122.2(3) . . ?  
C3 C1 I2 153.1(3) . . ?  
C2 C1 I2 35.25(18) . . ?  
I1 C1 I2 86.98(12) . . ?  
C3 C2 C1 119.5(3) 3_566 . ?  
C3 C2 I2 118.2(3) 3_566 . ?  
C1 C2 I2 122.2(3) . . ?  
C3 C2 I1 154.8(3) 3_566 . ?  
C1 C2 I1 35.26(18) . . ?  
I2 C2 I1 86.98(12) . . ?  
F1 C3 C2 118.8(3) . 3_566 ?  
F1 C3 C1 118.6(3) . . ?  
C2 C3 C1 122.6(3) 3_566 . ?  
F1 C3 I2 80.91(19) . 3_566 ?  
C2 C3 I2 37.87(18) 3_566 3_566 ?  
C1 C3 I2 160.4(3) . 3_566 ?  
F1 C3 I1 81.86(18) . . ?  
C2 C3 I1 159.4(3) 3_566 . ?  
C1 C3 I1 36.77(18) . . ?  
I2 C3 I1 162.77(13) 3_566 . ?  
  
_diffrn_measured_fraction_theta_max    0.964  
_diffrn_reflns_theta_full              26.37  
_diffrn_measured_fraction_theta_full   0.964  
_refine_diff_density_max    1.526  
_refine_diff_density_min   -0.578  











_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C22 H8 F8 I2 N2'  
_chemical_formula_weight          706.11  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    7.9611(22)  
_cell_length_b                    11.1643(30)  
_cell_length_c                    12.8463(40)  
_cell_angle_alpha                 105.2243(69)  
_cell_angle_beta                  107.3469(72)  
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_cell_angle_gamma                 90.5100(75)  
_cell_volume                      1046.8(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used           3906 
_cell_measurement_theta_min             3.1768 
_cell_measurement_theta_max             26.3820 
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.35  
_exptl_crystal_size_mid           0.36  
_exptl_crystal_size_min           0.23  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.240  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              664  
_exptl_absorpt_coefficient_mu     3.089  
_exptl_absorpt_correction_type          'Multi-scan' 
_exptl_absorpt_correction_T_max         1.0000 
_exptl_absorpt_correction_T_min         0.7699 




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998.  
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 
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 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             9544  
_diffrn_reflns_av_R_equivalents   0.0226  
_diffrn_reflns_av_sigmaI/netI     0.0439  
_diffrn_reflns_limit_h_min        -9  
_diffrn_reflns_limit_h_max        9  
_diffrn_reflns_limit_k_min        -13  
_diffrn_reflns_limit_k_max        13  
_diffrn_reflns_limit_l_min        -16  
_diffrn_reflns_limit_l_max        16  
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_diffrn_reflns_theta_min          3.15  
_diffrn_reflns_theta_max          26.40  
_reflns_number_total              3947  
_reflns_number_gt                 3521  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0010P)^2^+4.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3947  
_refine_ls_number_parameters      307  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0348  
_refine_ls_R_factor_gt            0.0301  
_refine_ls_wR_factor_ref          0.0691  
_refine_ls_wR_factor_gt           0.0651  
_refine_ls_goodness_of_fit_ref    1.002  
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_refine_ls_restrained_S_all       1.002  
_refine_ls_shift/su_max           0.002  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.36859(3) 0.614314(19) 0.735648(17) 0.01642(9) Uani 1 1 d . . .  
I2 I -0.11435(3) 0.13944(2) -0.214604(18) 0.01764(9) Uani 1 1 d . . .  
F1 F 0.1037(3) 0.68898(19) 0.52189(18) 0.0235(4) Uani 1 1 d . . .  
F2 F 0.0004(3) 0.58136(19) 0.29918(17) 0.0210(4) Uani 1 1 d . . .  
F3 F 0.4553(3) 0.3582(2) 0.58165(18) 0.0222(4) Uani 1 1 d . . .  
F4 F 0.3329(3) 0.24299(19) 0.35970(18) 0.0217(4) Uani 1 1 d . . .  
F5 F 0.1190(3) 0.39913(19) -0.06416(17) 0.0216(4) Uani 1 1 d . . .  
F6 F 0.2276(3) 0.51194(18) 0.15729(17) 0.0199(4) Uani 1 1 d . . .  
F7 F -0.1594(3) 0.06300(19) 0.00241(18) 0.0233(4) Uani 1 1 d . . .  
F8 F -0.0393(3) 0.17341(19) 0.22476(18) 0.0218(4) Uani 1 1 d . . .  
N1 N 0.5171(4) 0.2731(3) 1.0358(3) 0.0233(7) Uani 1 1 d . . .  
N2 N 0.2228(4) -0.0257(3) 0.4453(3) 0.0229(7) Uani 1 1 d . . .  
C1 C 0.2817(4) 0.5270(3) 0.5593(3) 0.0127(6) Uani 1 1 d . . .  
C2 C 0.1670(5) 0.5799(3) 0.4838(3) 0.0178(7) Uani 1 1 d . . .  
C3 C 0.1099(4) 0.5236(3) 0.3676(3) 0.0164(7) Uani 1 1 d . . .  
C4 C 0.1625(4) 0.4082(3) 0.3223(3) 0.0155(7) Uani 1 1 d . . .  
C5 C 0.2760(4) 0.3544(3) 0.3983(3) 0.0163(7) Uani 1 1 d . . .  
C6 C 0.3370(4) 0.4133(3) 0.5138(3) 0.0173(7) Uani 1 1 d . . .  
C7 C -0.0230(4) 0.2278(3) -0.0389(3) 0.0126(6) Uani 1 1 d . . .  
C8 C 0.0753(4) 0.3414(3) 0.0054(3) 0.0166(7) Uani 1 1 d . . .  
C9 C 0.1338(4) 0.4006(3) 0.1205(3) 0.0163(7) Uani 1 1 d . . .  
C10 C 0.0981(4) 0.3460(3) 0.1985(3) 0.0154(7) Uani 1 1 d . . .  
C11 C 0.0003(4) 0.2304(3) 0.1541(3) 0.0168(7) Uani 1 1 d . . .  
C12 C -0.0611(4) 0.1732(3) 0.0385(3) 0.0175(7) Uani 1 1 d . . .  
C13 C 0.5376(5) 0.3297(4) 0.9600(3) 0.0236(8) Uani 1 1 d . . .  
H13A H 0.5968 0.4093 0.9868 0.028 Uiso 1 1 calc R . .  
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C14 C 0.4752(5) 0.2758(3) 0.8436(3) 0.0209(7) Uani 1 1 d . . .  
H14A H 0.4883 0.3198 0.7938 0.025 Uiso 1 1 calc R . .  
C15 C 0.3927(4) 0.1547(3) 0.8024(3) 0.0171(7) Uani 1 1 d . . .  
C16 C 0.3726(5) 0.0949(3) 0.8807(3) 0.0209(7) Uani 1 1 d . . .  
H16A H 0.3186 0.0139 0.8566 0.025 Uiso 1 1 calc R . .  
C17 C 0.4344(5) 0.1578(4) 0.9953(3) 0.0235(8) Uani 1 1 d . . .  
H17A H 0.4175 0.1177 1.0469 0.028 Uiso 1 1 calc R . .  
C18 C 0.3281(5) -0.0787(4) 0.5195(3) 0.0243(8) Uani 1 1 d . . .  
H18A H 0.3658 -0.1556 0.4914 0.029 Uiso 1 1 calc R . .  
C19 C 0.3839(5) -0.0252(3) 0.6360(3) 0.0226(7) Uani 1 1 d . . .  
H19A H 0.4558 -0.0659 0.6846 0.027 Uiso 1 1 calc R . .  
C20 C 0.3299(5) 0.0913(3) 0.6788(3) 0.0173(7) Uani 1 1 d . . .  
C21 C 0.2196(5) 0.1461(3) 0.6019(3) 0.0207(7) Uani 1 1 d . . .  
H21A H 0.1809 0.2235 0.6274 0.025 Uiso 1 1 calc R . .  
C22 C 0.1678(5) 0.0846(4) 0.4871(3) 0.0223(7) Uani 1 1 d . . .  
H22A H 0.0915 0.1213 0.4368 0.027 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.01415(13) 0.02085(13) 0.01156(12) 0.00145(9) 0.00274(8) 0.00014(8)  
I2 0.01654(13) 0.02038(13) 0.01199(13) -0.00017(9) 0.00268(8) 0.00100(8)  
F1 0.0278(11) 0.0181(10) 0.0200(11) -0.0001(8) 0.0054(9) 0.0083(8)  
F2 0.0243(11) 0.0192(10) 0.0174(10) 0.0066(8) 0.0017(8) 0.0073(8)  
F3 0.0232(11) 0.0252(11) 0.0165(10) 0.0082(9) 0.0015(8) 0.0089(8)  
F4 0.0271(11) 0.0178(10) 0.0197(10) 0.0037(8) 0.0075(9) 0.0080(8)  
F5 0.0262(11) 0.0238(11) 0.0151(10) 0.0070(8) 0.0057(8) -0.0018(8)  
F6 0.0224(10) 0.0153(10) 0.0185(10) 0.0028(8) 0.0031(8) -0.0049(8)  
F7 0.0272(11) 0.0172(10) 0.0208(11) -0.0006(8) 0.0061(9) -0.0071(8)  
F8 0.0297(11) 0.0193(10) 0.0182(10) 0.0062(8) 0.0094(9) -0.0017(8)  
N1 0.0210(16) 0.0215(16) 0.0271(17) 0.0053(13) 0.0084(13) 0.0039(12)  
N2 0.0214(16) 0.0241(16) 0.0258(17) 0.0060(14) 0.0119(13) 0.0004(12)  
C1 0.0098(14) 0.0164(16) 0.0093(15) 0.0009(12) 0.0016(12) -0.0021(12)  
C2 0.0162(16) 0.0157(16) 0.0213(18) 0.0040(14) 0.0066(13) 0.0021(12)  
C3 0.0132(15) 0.0176(16) 0.0177(17) 0.0065(13) 0.0022(13) 0.0027(12)  
C4 0.0155(16) 0.0160(16) 0.0142(17) 0.0032(13) 0.0044(13) -0.0025(12)  
C5 0.0161(16) 0.0153(16) 0.0188(17) 0.0045(13) 0.0075(13) 0.0031(12)  
C6 0.0128(15) 0.0201(17) 0.0182(17) 0.0070(14) 0.0022(13) 0.0004(12)  
C7 0.0134(15) 0.0133(15) 0.0087(14) 0.0002(12) 0.0021(12) 0.0037(12)  
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C8 0.0157(16) 0.0179(16) 0.0170(17) 0.0066(13) 0.0046(13) 0.0022(12)  
C9 0.0130(15) 0.0145(16) 0.0205(17) 0.0057(13) 0.0031(13) 0.0009(12)  
C10 0.0148(16) 0.0143(16) 0.0150(17) 0.0032(13) 0.0025(13) 0.0010(12)  
C11 0.0175(16) 0.0176(17) 0.0186(17) 0.0078(14) 0.0079(13) 0.0045(13)  
C12 0.0158(16) 0.0135(16) 0.0193(17) 0.0007(13) 0.0034(13) -0.0013(12)  
C13 0.0220(18) 0.0201(18) 0.025(2) 0.0028(15) 0.0053(15) -0.0014(14)  
C14 0.0230(18) 0.0201(18) 0.0214(18) 0.0065(15) 0.0088(14) 0.0022(14)  
C15 0.0153(16) 0.0197(17) 0.0116(17) 0.0003(13) 0.0012(13) 0.0016(13)  
C16 0.0203(18) 0.0197(18) 0.0216(18) 0.0079(15) 0.0032(14) -0.0002(13)  
C17 0.0231(19) 0.0271(19) 0.0214(19) 0.0094(15) 0.0061(15) 0.0021(15)  
C18 0.0254(19) 0.0202(18) 0.0225(19) -0.0001(15) 0.0058(15) 0.0022(14)  
C19 0.0219(18) 0.0212(18) 0.0230(19) 0.0044(15) 0.0058(15) 0.0042(14)  
C20 0.0172(16) 0.0177(17) 0.0138(17) -0.0001(14) 0.0043(13) -0.0026(13)  
C21 0.0228(18) 0.0187(17) 0.0206(18) 0.0055(14) 0.0066(14) 0.0036(14)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.110(3) . ?  
I1 N1 2.735(4) 2_667 ?  
I1 C6 3.070(4) . ?  
I1 C2 3.071(4) . ?  
I1 F3 3.232(2) . ?  
I1 F1 3.235(2) . ?  
I1 F2 3.491(2) 2_566 ?  
I1 F4 3.518(2) 2_666 ?  
I1 F6 3.560(2) 2_666 ?  
I1 C17 3.599(4) 2_667 ?  
I1 F8 3.608(2) 2_566 ?  
I1 C13 3.633(4) 2_667 ?  
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I2 C7 2.106(3) . ?  
I2 N2 2.760(4) 2 ?  
I2 C8 3.066(4) . ?  
I2 C12 3.070(4) . ?  
I2 F5 3.227(2) . ?  
I2 F7 3.235(2) . ?  
I2 C22 3.631(4) 2 ?  
I2 C18 3.648(4) 2 ?  
I2 N1 4.936(3) 1_454 ?  
F1 C2 1.350(4) . ?  
F2 C3 1.342(4) . ?  
F2 I1 3.491(2) 2_566 ?  
F3 C6 1.351(4) . ?  
F4 C5 1.348(4) . ?  
F4 I1 3.518(2) 2_666 ?  
F5 C8 1.348(4) . ?  
F6 C9 1.338(4) . ?  
F6 I1 3.560(2) 2_666 ?  
F7 C12 1.345(4) . ?  
F8 C11 1.341(4) . ?  
F8 I1 3.608(2) 2_566 ?  
N1 C17 1.337(5) . ?  
N1 C13 1.337(5) . ?  
N1 C14 2.399(5) . ?  
N1 C16 2.400(5) . ?  
N1 I1 2.735(4) 2_667 ?  
N1 C15 2.800(5) . ?  
N1 I2 4.936(3) 1_656 ?  
N2 C18 1.338(5) . ?  
N2 C22 1.341(5) . ?  
N2 C21 2.394(5) . ?  
N2 C19 2.402(5) . ?  
N2 I2 2.760(4) 2 ?  
N2 C20 2.798(5) . ?  
N2 N2 4.181(6) 2_556 ?  
N2 N2 4.197(6) 2_656 ?  
N2 N2 4.213(6) ? ?  
C1 C2 1.381(5) . ?  
C1 C6 1.386(5) . ?  
C2 C3 1.387(5) . ?  
C3 C4 1.391(5) . ?  
C4 C5 1.387(5) . ?  
C4 C10 1.485(5) . ?  
C5 C6 1.387(5) . ?  
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C7 C8 1.373(5) . ?  
C7 C12 1.395(5) . ?  
C8 C9 1.382(5) . ?  
C9 C10 1.394(5) . ?  
C10 C11 1.388(5) . ?  
C11 C12 1.384(5) . ?  
C13 C14 1.388(5) . ?  
C13 I1 3.633(4) 2_667 ?  
C14 C15 1.393(5) . ?  
C15 C16 1.390(5) . ?  
C15 C20 1.483(5) . ?  
C16 C17 1.387(5) . ?  
C17 I1 3.599(4) 2_667 ?  
C18 C19 1.387(5) . ?  
C18 I2 3.648(4) 2 ?  
C19 C20 1.398(5) . ?  
C20 C21 1.390(5) . ?  
C21 C22 1.385(5) . ?  
C22 I2 3.631(4) 2 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 N1 179.68(11) . 2_667 ?  
C1 I1 C6 22.66(11) . . ?  
N1 I1 C6 157.07(9) 2_667 . ?  
C1 I1 C2 22.47(11) . . ?  
N1 I1 C2 157.80(9) 2_667 . ?  
C6 I1 C2 45.13(9) . . ?  
C1 I1 F3 47.24(9) . . ?  
N1 I1 F3 132.49(7) 2_667 . ?  
C6 I1 F3 24.59(7) . . ?  
C2 I1 F3 69.70(7) . . ?  
C1 I1 F1 47.01(9) . . ?  
N1 I1 F1 133.27(8) 2_667 . ?  
C6 I1 F1 69.66(7) . . ?  
C2 I1 F1 24.54(7) . . ?  
F3 I1 F1 94.24(5) . . ?  
C1 I1 F2 77.09(9) . 2_566 ?  
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N1 I1 F2 103.07(8) 2_667 2_566 ?  
C6 I1 F2 76.92(7) . 2_566 ?  
C2 I1 F2 79.19(7) . 2_566 ?  
F3 I1 F2 80.15(5) . 2_566 ?  
F1 I1 F2 82.78(5) . 2_566 ?  
C1 I1 F4 77.60(9) . 2_666 ?  
N1 I1 F4 102.25(8) 2_667 2_666 ?  
C6 I1 F4 80.59(7) . 2_666 ?  
C2 I1 F4 76.60(7) . 2_666 ?  
F3 I1 F4 84.34(5) . 2_666 ?  
F1 I1 F4 78.42(6) . 2_666 ?  
F2 I1 F4 154.59(5) 2_566 2_666 ?  
C1 I1 F6 105.25(9) . 2_666 ?  
N1 I1 F6 74.43(7) 2_667 2_666 ?  
C6 I1 F6 84.29(7) . 2_666 ?  
C2 I1 F6 125.68(7) . 2_666 ?  
F3 I1 F6 61.26(5) . 2_666 ?  
F1 I1 F6 146.49(5) . 2_666 ?  
F2 I1 F6 112.20(5) 2_566 2_666 ?  
F4 I1 F6 76.78(5) 2_666 2_666 ?  
C1 I1 C17 161.29(11) . 2_667 ?  
N1 I1 C17 18.71(9) 2_667 2_667 ?  
C6 I1 C17 160.00(9) . 2_667 ?  
C2 I1 C17 144.14(9) . 2_667 ?  
F3 I1 C17 139.72(7) . 2_667 ?  
F1 I1 C17 121.63(7) . 2_667 ?  
F2 I1 C17 119.02(7) 2_566 2_667 ?  
F4 I1 C17 85.63(7) 2_666 2_667 ?  
F6 I1 C17 78.47(7) 2_666 2_667 ?  
C1 I1 F8 103.54(9) . 2_566 ?  
N1 I1 F8 76.77(7) 2_667 2_566 ?  
C6 I1 F8 124.49(7) . 2_566 ?  
C2 I1 F8 82.45(7) . 2_566 ?  
F3 I1 F8 146.39(5) . 2_566 ?  
F1 I1 F8 59.39(5) . 2_566 ?  
F2 I1 F8 76.35(5) 2_566 2_566 ?  
F4 I1 F8 107.69(5) 2_666 2_566 ?  
F6 I1 F8 151.13(5) 2_666 2_566 ?  
C17 I1 F8 73.56(7) 2_667 2_566 ?  
C1 I1 C13 161.90(10) . 2_667 ?  
N1 I1 C13 18.09(9) 2_667 2_667 ?  
C6 I1 C13 143.93(9) . 2_667 ?  
C2 I1 C13 161.15(9) . 2_667 ?  
F3 I1 C13 121.27(7) . 2_667 ?  
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F1 I1 C13 140.88(7) . 2_667 ?  
F2 I1 C13 87.46(7) 2_566 2_667 ?  
F4 I1 C13 117.86(7) 2_666 2_667 ?  
F6 I1 C13 71.73(7) 2_666 2_667 ?  
C17 I1 C13 36.80(9) 2_667 2_667 ?  
F8 I1 C13 81.50(7) 2_566 2_667 ?  
C7 I2 N2 178.06(10) . 2 ?  
C7 I2 C8 22.27(11) . . ?  
N2 I2 C8 156.32(9) 2 . ?  
C7 I2 C12 22.86(11) . . ?  
N2 I2 C12 158.48(9) 2 . ?  
C8 I2 C12 45.13(9) . . ?  
C7 I2 F5 46.84(9) . . ?  
N2 I2 F5 131.76(7) 2 . ?  
C8 I2 F5 24.57(7) . . ?  
C12 I2 F5 69.70(7) . . ?  
C7 I2 F7 47.31(10) . . ?  
N2 I2 F7 134.07(8) 2 . ?  
C8 I2 F7 69.58(7) . . ?  
C12 I2 F7 24.45(7) . . ?  
F5 I2 F7 94.15(5) . . ?  
C7 I2 C22 160.83(10) . 2 ?  
N2 I2 C22 18.53(9) 2 2 ?  
C8 I2 C22 157.29(9) . 2 ?  
C12 I2 C22 145.24(9) . 2 ?  
F5 I2 C22 137.49(7) . 2 ?  
F7 I2 C22 123.34(7) . 2 ?  
C7 I2 C18 162.26(10) . 2 ?  
N2 I2 C18 18.15(9) 2 2 ?  
C8 I2 C18 144.50(9) . 2 ?  
C12 I2 C18 161.06(9) . 2 ?  
F5 I2 C18 121.59(7) . 2 ?  
F7 I2 C18 140.68(7) . 2 ?  
C22 I2 C18 36.68(8) 2 2 ?  
C7 I2 N1 53.56(10) . 1_454 ?  
N2 I2 N1 128.30(8) 2 1_454 ?  
C8 I2 N1 66.34(8) . 1_454 ?  
C12 I2 N1 45.47(7) . 1_454 ?  
F5 I2 N1 83.35(6) . 1_454 ?  
F7 I2 N1 45.78(5) . 1_454 ?  
C22 I2 N1 136.36(7) 2 1_454 ?  
C18 I2 N1 117.45(7) 2 1_454 ?  
C2 F1 I1 70.94(18) . . ?  
C3 F2 I1 92.83(17) . 2_566 ?  
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C6 F3 I1 70.98(18) . . ?  
C5 F4 I1 90.57(17) . 2_666 ?  
C8 F5 I2 71.02(17) . . ?  
C9 F6 I1 92.86(17) . 2_666 ?  
C12 F7 I2 70.89(17) . . ?  
C11 F8 I1 90.58(17) . 2_566 ?  
C17 N1 C13 117.2(3) . . ?  
C17 N1 C14 88.3(3) . . ?  
C13 N1 C14 28.9(2) . . ?  
C17 N1 C16 28.8(2) . . ?  
C13 N1 C16 88.4(3) . . ?  
C14 N1 C16 59.56(15) . . ?  
C17 N1 I1 120.3(2) . 2_667 ?  
C13 N1 I1 122.5(2) . 2_667 ?  
C14 N1 I1 151.35(17) . 2_667 ?  
C16 N1 I1 149.06(16) . 2_667 ?  
C17 N1 C15 58.5(2) . . ?  
C13 N1 C15 58.7(2) . . ?  
C14 N1 C15 29.82(12) . . ?  
C16 N1 C15 29.74(12) . . ?  
I1 N1 C15 178.56(15) 2_667 . ?  
C17 N1 I2 88.1(2) . 1_656 ?  
C13 N1 I2 54.7(2) . 1_656 ?  
C14 N1 I2 48.73(10) . 1_656 ?  
C16 N1 I2 69.14(11) . 1_656 ?  
I1 N1 I2 127.15(9) 2_667 1_656 ?  
C15 N1 I2 54.05(9) . 1_656 ?  
C18 N2 C22 117.5(3) . . ?  
C18 N2 C21 88.5(2) . . ?  
C22 N2 C21 29.1(2) . . ?  
C18 N2 C19 28.8(2) . . ?  
C22 N2 C19 88.8(2) . . ?  
C21 N2 C19 59.73(15) . . ?  
C18 N2 I2 121.8(2) . 2 ?  
C22 N2 I2 120.6(2) . 2 ?  
C21 N2 I2 149.67(16) . 2 ?  
C19 N2 I2 150.60(16) . 2 ?  
C18 N2 C20 58.7(2) . . ?  
C22 N2 C20 58.8(2) . . ?  
C21 N2 C20 29.77(12) . . ?  
C19 N2 C20 29.96(12) . . ?  
I2 N2 C20 179.40(15) 2 . ?  
C18 N2 N2 103.0(2) . 2_556 ?  
C22 N2 N2 54.29(19) . 2_556 ?  
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C21 N2 N2 58.65(12) . 2_556 ?  
C19 N2 N2 86.72(14) . 2_556 ?  
I2 N2 N2 108.82(13) 2 2_556 ?  
C20 N2 N2 70.72(12) . 2_556 ?  
C18 N2 N2 55.4(2) . 2_656 ?  
C22 N2 N2 106.3(2) . 2_656 ?  
C21 N2 N2 89.48(15) . 2_656 ?  
C19 N2 N2 60.47(12) . 2_656 ?  
I2 N2 N2 107.46(12) 2 2_656 ?  
C20 N2 N2 73.01(12) . 2_656 ?  
N2 N2 N2 143.71(18) 2_556 2_656 ?  
C18 N2 N2 49.3(2) . ? ?  
C22 N2 N2 113.0(2) . ? ?  
C21 N2 N2 94.00(14) . ? ?  
C19 N2 N2 58.14(12) . ? ?  
I2 N2 N2 105.96(11) 2 ? ?  
C20 N2 N2 74.55(12) . ? ?  
N2 N2 N2 144.15(18) 2_556 ? ?  
N2 N2 N2 7.81(9) 2_656 ? ?  
C2 C1 C6 116.8(3) . . ?  
C2 C1 I1 121.8(2) . . ?  
C6 C1 I1 121.4(2) . . ?  
F1 C2 C1 120.2(3) . . ?  
F1 C2 C3 117.5(3) . . ?  
C1 C2 C3 122.2(3) . . ?  
F1 C2 I1 84.52(19) . . ?  
C1 C2 I1 35.73(17) . . ?  
C3 C2 I1 158.0(2) . . ?  
F2 C3 C2 118.9(3) . . ?  
F2 C3 C4 120.1(3) . . ?  
C2 C3 C4 120.9(3) . . ?  
C5 C4 C3 116.8(3) . . ?  
C5 C4 C10 122.0(3) . . ?  
C3 C4 C10 121.2(3) . . ?  
F4 C5 C6 118.4(3) . . ?  
F4 C5 C4 119.8(3) . . ?  
C6 C5 C4 121.8(3) . . ?  
F3 C6 C1 120.3(3) . . ?  
F3 C6 C5 118.3(3) . . ?  
C1 C6 C5 121.4(3) . . ?  
F3 C6 I1 84.42(19) . . ?  
C1 C6 I1 35.91(17) . . ?  
C5 C6 I1 157.2(2) . . ?  
C8 C7 C12 116.6(3) . . ?  
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C8 C7 I2 122.2(2) . . ?  
C12 C7 I2 121.2(2) . . ?  
F5 C8 C7 120.0(3) . . ?  
F5 C8 C9 117.6(3) . . ?  
C7 C8 C9 122.4(3) . . ?  
F5 C8 I2 84.41(18) . . ?  
C7 C8 I2 35.56(17) . . ?  
C9 C8 I2 158.0(2) . . ?  
F6 C9 C8 119.0(3) . . ?  
F6 C9 C10 119.7(3) . . ?  
C8 C9 C10 121.2(3) . . ?  
C11 C10 C9 116.5(3) . . ?  
C11 C10 C4 122.0(3) . . ?  
C9 C10 C4 121.5(3) . . ?  
F8 C11 C12 118.8(3) . . ?  
F8 C11 C10 119.3(3) . . ?  
C12 C11 C10 121.9(3) . . ?  
F7 C12 C11 118.1(3) . . ?  
F7 C12 C7 120.6(3) . . ?  
C11 C12 C7 121.3(3) . . ?  
F7 C12 I2 84.66(18) . . ?  
C11 C12 I2 157.2(2) . . ?  
C7 C12 I2 35.91(17) . . ?  
N1 C13 C14 123.4(3) . . ?  
N1 C13 I1 39.41(19) . 2_667 ?  
C14 C13 I1 162.7(3) . 2_667 ?  
C13 C14 C15 119.0(3) . . ?  
C13 C14 N1 27.74(19) . . ?  
C15 C14 N1 91.2(2) . . ?  
C16 C15 C14 117.9(3) . . ?  
C16 C15 C20 121.1(3) . . ?  
C14 C15 C20 121.0(3) . . ?  
C16 C15 N1 59.0(2) . . ?  
C14 C15 N1 58.9(2) . . ?  
C20 C15 N1 179.0(3) . . ?  
C17 C16 C15 118.9(3) . . ?  
C17 C16 N1 27.66(19) . . ?  
C15 C16 N1 91.3(2) . . ?  
N1 C17 C16 123.6(3) . . ?  
N1 C17 I1 41.01(19) . 2_667 ?  
C16 C17 I1 164.6(3) . 2_667 ?  
N2 C18 C19 123.6(3) . . ?  
N2 C18 I2 40.00(19) . 2 ?  
C19 C18 I2 163.6(3) . 2 ?  
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C18 C19 C20 118.6(3) . . ?  
C18 C19 N2 27.65(19) . . ?  
C20 C19 N2 90.9(2) . . ?  
C21 C20 C19 117.9(3) . . ?  
C21 C20 C15 121.6(3) . . ?  
C19 C20 C15 120.5(3) . . ?  
C21 C20 N2 58.8(2) . . ?  
C19 C20 N2 59.1(2) . . ?  
C15 C20 N2 178.0(3) . . ?  
C22 C21 C20 119.5(3) . . ?  
C22 C21 N2 28.06(19) . . ?  
C20 C21 N2 91.5(2) . . ?  
N2 C22 C21 122.9(3) . . ?  
N2 C22 I2 40.86(19) . 2 ?  
C21 C22 I2 163.7(3) . 2 ?  
  
_diffrn_measured_fraction_theta_max    0.922  
_diffrn_reflns_theta_full              26.40  
_diffrn_measured_fraction_theta_full   0.922  
_refine_diff_density_max    2.459  
_refine_diff_density_min   -0.893  



























_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C24 H8 F8 I2 N2'  
_chemical_formula_weight          730.13  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    7.7201(16)  
_cell_length_b                    12.311(18)  
_cell_length_c                    13.595(16)  
_cell_angle_alpha                 113.89(14)  
_cell_angle_beta                  99.12(2)  
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_cell_angle_gamma                 94.90(2)  
_cell_volume                      1150.3(4)  
_cell_formula_units_Z             1  
_cell_measurement_temperature     293(2)  
_cell_measurement_reflns_used           3903 
_cell_measurement_theta_min             3.3276 
_cell_measurement_theta_max             26.4034 
  
_exptl_crystal_description        'Prism'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.26  
_exptl_crystal_size_mid           0.25  
_exptl_crystal_size_min           0.20  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.108  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              688  
_exptl_absorpt_coefficient_mu     2.815  
_exptl_absorpt_correction_type          'Multi-scan' 
_exptl_absorpt_correction_T_max         1.0000 
_exptl_absorpt_correction_T_min         0.5568 




 REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998.  
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 
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 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          ?  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             9678  
_diffrn_reflns_av_R_equivalents   0.0463  
_diffrn_reflns_av_sigmaI/netI     0.1063  
_diffrn_reflns_limit_h_min        -9  
_diffrn_reflns_limit_h_max        8  
_diffrn_reflns_limit_k_min        -14  
_diffrn_reflns_limit_k_max        14  
_diffrn_reflns_limit_l_min        -16  
_diffrn_reflns_limit_l_max        16  
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_diffrn_reflns_theta_min          3.26  
_diffrn_reflns_theta_max          25.10  
_reflns_number_total              3825  
_reflns_number_gt                 3156  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0010P)^2^+18.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3825  
_refine_ls_number_parameters      325  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0691  
_refine_ls_R_factor_gt            0.0603  
_refine_ls_wR_factor_ref          0.1665  
_refine_ls_wR_factor_gt           0.1617  
_refine_ls_goodness_of_fit_ref    1.060  
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_refine_ls_restrained_S_all       1.060  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 1.15592(8) 0.78753(5) 0.67008(4) 0.0218(2) Uani 1 1 d . . .  
I2 I 0.31022(9) 0.23586(5) -0.18241(5) 0.0250(3) Uani 1 1 d . . .  
F4 F 1.0078(8) 0.5862(6) 0.2282(4) 0.0293(13) Uani 1 1 d . . .  
F3 F 1.2132(8) 0.7216(6) 0.4261(5) 0.0300(13) Uani 1 1 d . . .  
F2 F 0.5740(8) 0.4748(6) 0.3941(5) 0.0333(14) Uani 1 1 d . . .  
F1 F 0.7753(9) 0.6142(6) 0.5931(5) 0.0396(16) Uani 1 1 d . . .  
F5 F 0.2312(8) 0.4370(6) 0.0384(5) 0.0353(14) Uani 1 1 d . . .  
F6 F 0.4260(8) 0.5563(5) 0.2421(5) 0.0318(13) Uani 1 1 d . . .  
F7 F 0.7019(9) 0.2238(6) -0.0685(5) 0.0394(16) Uani 1 1 d . . .  
F8 F 0.8955(9) 0.3457(6) 0.1349(5) 0.0377(15) Uani 1 1 d . . .  
N1 N 1.3941(11) 0.9386(7) 0.8909(6) 0.0193(16) Uani 1 1 d . . .  
N2 N 0.0809(11) 0.1017(7) -0.4017(6) 0.0214(16) Uani 1 1 d . . .  
C1 C 0.9983(12) 0.6718(8) 0.5122(8) 0.0218(19) Uani 1 1 d . . .  
C2 C 0.8363(13) 0.6091(8) 0.5025(8) 0.0228(19) Uani 1 1 d . . .  
C3 C 0.7314(13) 0.5387(9) 0.4015(8) 0.024(2) Uani 1 1 d . . .  
C4 C 0.7825(13) 0.5266(8) 0.3051(7) 0.0204(19) Uani 1 1 d . . .  
C5 C 0.9499(12) 0.5919(9) 0.3183(7) 0.0197(18) Uani 1 1 d . . .  
C6 C 1.0558(12) 0.6607(9) 0.4208(8) 0.0218(19) Uani 1 1 d . . .  
C7 C 0.4584(13) 0.3267(8) -0.0213(8) 0.0219(19) Uani 1 1 d . . .  
C8 C 0.3955(13) 0.4139(9) 0.0601(8) 0.024(2) Uani 1 1 d . . .  
C9 C 0.4954(12) 0.4735(8) 0.1664(7) 0.0197(18) Uani 1 1 d . . .  
C10 C 0.6691(12) 0.4572(8) 0.1961(7) 0.0189(18) Uani 1 1 d . . .  
C11 C 0.7316(14) 0.3693(8) 0.1109(8) 0.024(2) Uani 1 1 d . . .  
C12 C 0.6307(14) 0.3081(9) 0.0084(8) 0.023(2) Uani 1 1 d . . .  
C13 C 1.3377(12) 1.0255(8) 0.9727(7) 0.0164(17) Uani 1 1 d . . .  
C14 C 1.1667(13) 1.0569(9) 0.9476(8) 0.024(2) Uani 1 1 d . . .  
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H14A H 1.0960 1.0174 0.8771 0.029 Uiso 1 1 calc R . .  
C15 C 1.1091(13) 1.1458(9) 1.0286(8) 0.026(2) Uani 1 1 d . . .  
H15A H 0.9995 1.1676 1.0123 0.032 Uiso 1 1 calc R . .  
C16 C 1.2132(13) 1.2049(9) 1.1367(8) 0.025(2) Uani 1 1 d . . .  
H16A H 1.1698 1.2641 1.1904 0.030 Uiso 1 1 calc R . .  
C17 C 1.3763(14) 1.1772(9) 1.1640(8) 0.025(2) Uani 1 1 d . . .  
H17A H 1.4434 1.2173 1.2355 0.031 Uiso 1 1 calc R . .  
C18 C 1.4431(12) 1.0856(8) 1.0813(7) 0.0197(18) Uani 1 1 d . . .  
C19 C 0.1577(13) 0.0651(9) -0.4906(8) 0.0221(19) Uani 1 1 d . . .  
C20 C 0.3220(14) 0.1318(10) -0.4848(8) 0.030(2) Uani 1 1 d . . .  
H20A H 0.3768 0.1996 -0.4210 0.036 Uiso 1 1 calc R . .  
C21 C 0.3976(14) 0.0941(11) -0.5750(9) 0.036(3) Uani 1 1 d . . .  
H21A H 0.5046 0.1374 -0.5718 0.043 Uiso 1 1 calc R . .  
C22 C 0.3180(15) -0.0084(10) -0.6723(8) 0.032(2) Uani 1 1 d . . .  
H22A H 0.3735 -0.0316 -0.7319 0.039 Uiso 1 1 calc R . .  
C23 C 0.1615(15) -0.0736(9) -0.6804(8) 0.030(2) Uani 1 1 d . . .  
H23A H 0.1118 -0.1422 -0.7447 0.036 Uiso 1 1 calc R . .  
C24 C 0.0732(12) -0.0374(8) -0.5905(8) 0.0178(18) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0208(4) 0.0227(4) 0.0143(3) 0.0027(2) -0.0010(2) 0.0006(2)  
I2 0.0295(4) 0.0227(4) 0.0155(3) 0.0055(3) -0.0042(3) -0.0021(3)  
F4 0.026(3) 0.042(3) 0.015(3) 0.008(2) 0.006(2) -0.001(3)  
F3 0.019(3) 0.041(3) 0.022(3) 0.009(3) 0.002(2) -0.008(2)  
F2 0.022(3) 0.041(3) 0.025(3) 0.007(3) 0.003(2) -0.015(3)  
F1 0.039(4) 0.053(4) 0.017(3) 0.008(3) 0.008(3) -0.009(3)  
F5 0.018(3) 0.044(4) 0.032(3) 0.006(3) -0.003(2) 0.009(3)  
F6 0.023(3) 0.030(3) 0.027(3) -0.003(2) 0.006(2) 0.005(2)  
F7 0.042(4) 0.043(4) 0.017(3) -0.004(3) 0.000(3) 0.022(3)  
F8 0.032(3) 0.045(4) 0.023(3) 0.001(3) -0.001(3) 0.022(3)  
N1 0.022(4) 0.016(4) 0.016(4) 0.005(3) 0.001(3) 0.003(3)  
N2 0.022(4) 0.022(4) 0.013(4) 0.003(3) -0.002(3) -0.003(3)  
C1 0.016(5) 0.021(5) 0.023(5) 0.006(4) 0.000(4) -0.001(4)  
C2 0.018(5) 0.022(5) 0.022(5) 0.005(4) 0.004(4) -0.006(4)  
C3 0.020(5) 0.024(5) 0.022(5) 0.006(4) 0.003(4) -0.001(4)  
C4 0.021(5) 0.018(4) 0.018(4) 0.004(4) 0.002(4) 0.004(4)  
C5 0.011(4) 0.028(5) 0.017(4) 0.007(4) 0.004(4) -0.002(4)  
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C6 0.013(4) 0.026(5) 0.022(5) 0.007(4) 0.003(4) -0.001(4)  
C7 0.022(5) 0.015(4) 0.024(5) 0.007(4) -0.002(4) 0.000(4)  
C8 0.020(5) 0.026(5) 0.018(5) 0.003(4) -0.002(4) 0.004(4)  
C9 0.019(5) 0.013(4) 0.021(4) 0.001(4) 0.004(4) 0.000(3)  
C10 0.018(5) 0.016(4) 0.018(4) 0.004(4) 0.004(4) 0.003(4)  
C11 0.027(5) 0.018(4) 0.023(5) 0.005(4) 0.002(4) 0.009(4)  
C12 0.028(5) 0.024(5) 0.019(5) 0.008(4) 0.008(4) 0.014(4)  
C13 0.014(4) 0.014(4) 0.012(4) -0.002(3) 0.002(3) 0.000(3)  
C14 0.022(5) 0.028(5) 0.019(5) 0.007(4) 0.001(4) 0.001(4)  
C15 0.022(5) 0.026(5) 0.028(5) 0.007(4) 0.007(4) 0.010(4)  
C16 0.021(5) 0.025(5) 0.027(5) 0.007(4) 0.010(4) 0.006(4)  
C17 0.033(6) 0.024(5) 0.013(4) 0.000(4) 0.004(4) 0.007(4)  
C18 0.017(5) 0.022(5) 0.016(4) 0.003(4) 0.005(4) 0.005(4)  
C19 0.020(5) 0.028(5) 0.021(5) 0.014(4) 0.001(4) 0.007(4)  
C20 0.025(5) 0.033(6) 0.022(5) 0.006(4) -0.001(4) -0.006(4)  
C21 0.022(5) 0.051(7) 0.031(6) 0.015(5) 0.007(5) -0.008(5)  
C22 0.032(6) 0.047(6) 0.021(5) 0.015(5) 0.010(4) 0.004(5)  
C23 0.032(6) 0.028(5) 0.024(5) 0.005(4) 0.008(4) 0.001(4)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.125(10) . ?  
I1 N1 2.999(8) . ?  
I1 C6 3.032(10) . ?  
I1 C2 3.057(10) . ?  
I1 F3 3.194(6) . ?  
I1 F1 3.229(7) . ?  
I1 N2 4.417(8) 1_666 ?  
I1 N2 4.566(8) 2_665 ?  
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I1 I2 5.006(2) 1_666 ?  
I2 C7 2.088(9) . ?  
I2 N2 2.931(8) . ?  
I2 C8 3.053(9) . ?  
I2 C12 3.060(10) . ?  
I2 F5 3.215(6) . ?  
I2 F7 3.216(6) . ?  
I2 C14 3.544(10) 1_444 ?  
I2 F6 3.560(6) 2_665 ?  
I2 F4 3.570(6) 2_665 ?  
I2 C9 3.668(9) 2_665 ?  
I2 N1 4.239(7) 1_444 ?  
I2 I1 5.006(2) 1_444 ?  
F4 C5 1.347(10) . ?  
F4 I2 3.570(6) 2_665 ?  
F3 C6 1.348(11) . ?  
F2 C3 1.356(11) . ?  
F1 C2 1.366(11) . ?  
F5 C8 1.338(11) . ?  
F6 C9 1.343(10) . ?  
F6 I2 3.560(6) 2_665 ?  
F7 C12 1.368(10) . ?  
F8 C11 1.342(11) . ?  
N1 C18 1.348(12) 2_877 ?  
N1 C13 1.357(11) . ?  
N1 C17 2.391(12) 2_877 ?  
N1 C14 2.399(12) . ?  
N1 C13 2.425(12) 2_877 ?  
N1 C18 2.429(12) . ?  
N1 N1 2.857(15) 2_877 ?  
N1 I2 4.239(7) 1_666 ?  
N2 C24 1.336(12) 2_554 ?  
N2 C19 1.359(12) . ?  
N2 C23 2.395(13) 2_554 ?  
N2 C20 2.401(13) . ?  
N2 C19 2.412(13) 2_554 ?  
N2 C24 2.429(12) . ?  
N2 N2 2.822(15) 2_554 ?  
N2 I1 4.417(8) 1_444 ?  
N2 I1 4.566(8) 2_665 ?  
C1 C6 1.344(14) . ?  
C1 C2 1.371(13) . ?  
C2 C3 1.362(14) . ?  
C3 C4 1.382(13) . ?  
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C4 C5 1.407(13) . ?  
C4 C10 1.459(13) . ?  
C5 C6 1.377(14) . ?  
C7 C8 1.382(13) . ?  
C7 C12 1.394(14) . ?  
C8 C9 1.383(13) . ?  
C9 C10 1.394(13) . ?  
C9 I2 3.668(9) 2_665 ?  
C10 C11 1.413(13) . ?  
C11 C12 1.350(14) . ?  
C13 C18 1.422(13) . ?  
C13 C14 1.436(13) . ?  
C13 N1 2.425(12) 2_877 ?  
C14 C15 1.367(13) . ?  
C14 I2 3.544(10) 1_666 ?  
C15 C16 1.412(15) . ?  
C16 C17 1.367(14) . ?  
C17 C18 1.433(12) . ?  
C17 N1 2.391(12) 2_877 ?  
C18 N1 1.348(12) 2_877 ?  
C19 C20 1.424(14) . ?  
C19 C24 1.433(14) . ?  
C19 N2 2.412(13) 2_554 ?  
C20 C21 1.368(15) . ?  
C21 C22 1.406(16) . ?  
C22 C23 1.355(16) . ?  
C23 C24 1.425(13) . ?  
C23 N2 2.395(13) 2_554 ?  
C24 N2 1.336(12) 2_554 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 N1 176.2(3) . . ?  
C1 I1 C6 22.5(3) . . ?  
N1 I1 C6 156.2(2) . . ?  
C1 I1 C2 22.8(3) . . ?  
N1 I1 C2 158.0(2) . . ?  
C6 I1 C2 45.3(3) . . ?  
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C1 I1 F3 47.3(3) . . ?  
N1 I1 F3 131.57(19) . . ?  
C6 I1 F3 24.8(2) . . ?  
C2 I1 F3 70.1(2) . . ?  
C1 I1 F1 47.7(3) . . ?  
N1 I1 F1 133.15(18) . . ?  
C6 I1 F1 70.2(2) . . ?  
C2 I1 F1 24.9(2) . . ?  
F3 I1 F1 95.01(15) . . ?  
C1 I1 N2 89.8(3) . 1_666 ?  
N1 I1 N2 93.15(18) . 1_666 ?  
C6 I1 N2 80.7(2) . 1_666 ?  
C2 I1 N2 98.7(2) . 1_666 ?  
F3 I1 N2 72.28(15) . 1_666 ?  
F1 I1 N2 108.05(17) . 1_666 ?  
C1 I1 N2 53.4(3) . 2_665 ?  
N1 I1 N2 129.34(18) . 2_665 ?  
C6 I1 N2 45.9(2) . 2_665 ?  
C2 I1 N2 65.9(2) . 2_665 ?  
F3 I1 N2 47.06(15) . 2_665 ?  
F1 I1 N2 83.33(16) . 2_665 ?  
N2 I1 N2 36.57(19) 1_666 2_665 ?  
C1 I1 I2 125.3(3) . 1_666 ?  
N1 I1 I2 57.60(14) . 1_666 ?  
C6 I1 I2 113.63(19) . 1_666 ?  
C2 I1 I2 131.59(19) . 1_666 ?  
F3 I1 I2 97.81(12) . 1_666 ?  
F1 I1 I2 130.83(13) . 1_666 ?  
N2 I1 I2 35.55(10) 1_666 1_666 ?  
N2 I1 I2 71.98(10) 2_665 1_666 ?  
C7 I2 N2 175.6(3) . . ?  
C7 I2 C8 22.6(3) . . ?  
N2 I2 C8 154.9(2) . . ?  
C7 I2 C12 22.8(3) . . ?  
N2 I2 C12 159.4(2) . . ?  
C8 I2 C12 45.4(2) . . ?  
C7 I2 F5 47.0(3) . . ?  
N2 I2 F5 130.50(19) . . ?  
C8 I2 F5 24.5(2) . . ?  
C12 I2 F5 69.8(2) . . ?  
C7 I2 F7 47.8(3) . . ?  
N2 I2 F7 134.47(19) . . ?  
C8 I2 F7 70.4(2) . . ?  
C12 I2 F7 25.03(19) . . ?  
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F5 I2 F7 94.84(15) . . ?  
C7 I2 C14 76.9(3) . 1_444 ?  
N2 I2 C14 99.2(2) . 1_444 ?  
C8 I2 C14 77.4(3) . 1_444 ?  
C12 I2 C14 80.0(2) . 1_444 ?  
F5 I2 C14 78.6(2) . 1_444 ?  
F7 I2 C14 84.1(2) . 1_444 ?  
C7 I2 F6 86.1(3) . 2_665 ?  
N2 I2 F6 98.01(18) . 2_665 ?  
C8 I2 F6 89.6(2) . 2_665 ?  
C12 I2 F6 81.6(2) . 2_665 ?  
F5 I2 F6 94.94(15) . 2_665 ?  
F7 I2 F6 79.32(17) . 2_665 ?  
C14 I2 F6 161.62(19) 1_444 2_665 ?  
C7 I2 F4 108.7(3) . 2_665 ?  
N2 I2 F4 70.67(18) . 2_665 ?  
C8 I2 F4 87.7(2) . 2_665 ?  
C12 I2 F4 128.76(19) . 2_665 ?  
F5 I2 F4 65.52(14) . 2_665 ?  
F7 I2 F4 148.76(16) . 2_665 ?  
C14 I2 F4 113.28(18) 1_444 2_665 ?  
F6 I2 F4 78.58(13) 2_665 2_665 ?  
C7 I2 C9 75.9(3) . 2_665 ?  
N2 I2 C9 107.5(2) . 2_665 ?  
C8 I2 C9 72.9(2) . 2_665 ?  
C12 I2 C9 79.5(2) . 2_665 ?  
F5 I2 C9 74.22(19) . 2_665 ?  
F7 I2 C9 86.4(2) . 2_665 ?  
C14 I2 C9 150.3(2) 1_444 2_665 ?  
F6 I2 C9 21.35(16) 2_665 2_665 ?  
F4 I2 C9 65.51(18) 2_665 2_665 ?  
C7 I2 N1 80.1(3) . 1_444 ?  
N2 I2 N1 97.89(19) . 1_444 ?  
C8 I2 N1 92.9(2) . 1_444 ?  
C12 I2 N1 69.8(2) . 1_444 ?  
F5 I2 N1 105.13(16) . 1_444 ?  
F7 I2 N1 60.48(17) . 1_444 ?  
C14 I2 N1 34.47(19) 1_444 1_444 ?  
F6 I2 N1 135.91(14) 2_665 1_444 ?  
F4 I2 N1 145.48(14) 2_665 1_444 ?  
C9 I2 N1 146.87(19) 2_665 1_444 ?  
C7 I2 I1 116.7(2) . 1_444 ?  
N2 I2 I1 61.20(16) . 1_444 ?  
C8 I2 I1 125.98(19) . 1_444 ?  
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C12 I2 I1 105.15(18) . 1_444 ?  
F5 I2 I1 127.98(13) . 1_444 ?  
F7 I2 I1 89.59(13) . 1_444 ?  
C14 I2 I1 50.31(16) 1_444 1_444 ?  
F6 I2 I1 136.59(9) 2_665 1_444 ?  
F4 I2 I1 121.58(10) 2_665 1_444 ?  
C9 I2 I1 157.74(14) 2_665 1_444 ?  
N1 I2 I1 36.69(11) 1_444 1_444 ?  
C5 F4 I2 90.6(5) . 2_665 ?  
C6 F3 I1 70.9(5) . . ?  
C2 F1 I1 70.5(5) . . ?  
C8 F5 I2 71.0(5) . . ?  
C9 F6 I2 83.9(5) . 2_665 ?  
C12 F7 I2 71.1(5) . . ?  
C18 N1 C13 115.9(8) 2_877 . ?  
C18 N1 C17 31.8(5) 2_877 2_877 ?  
C13 N1 C17 147.6(7) . 2_877 ?  
C18 N1 C14 147.6(7) 2_877 . ?  
C13 N1 C14 31.8(5) . . ?  
C17 N1 C14 179.2(6) 2_877 . ?  
C18 N1 C13 29.7(5) 2_877 2_877 ?  
C13 N1 C13 86.2(6) . 2_877 ?  
C17 N1 C13 61.5(4) 2_877 2_877 ?  
C14 N1 C13 117.9(4) . 2_877 ?  
C18 N1 C18 86.1(6) 2_877 . ?  
C13 N1 C18 29.8(5) . . ?  
C17 N1 C18 117.8(4) 2_877 . ?  
C14 N1 C18 61.6(4) . . ?  
C13 N1 C18 56.4(3) 2_877 . ?  
C18 N1 N1 58.0(5) 2_877 2_877 ?  
C13 N1 N1 57.9(5) . 2_877 ?  
C17 N1 N1 89.8(4) 2_877 2_877 ?  
C14 N1 N1 89.6(4) . 2_877 ?  
C13 N1 N1 28.3(3) 2_877 2_877 ?  
C18 N1 N1 28.1(3) . 2_877 ?  
C18 N1 I1 121.4(6) 2_877 . ?  
C13 N1 I1 122.3(6) . . ?  
C17 N1 I1 89.8(3) 2_877 . ?  
C14 N1 I1 90.8(3) . . ?  
C13 N1 I1 150.6(4) 2_877 . ?  
C18 N1 I1 151.5(4) . . ?  
N1 N1 I1 173.3(5) 2_877 . ?  
C18 N1 I2 123.3(6) 2_877 1_666 ?  
C13 N1 I2 68.4(5) . 1_666 ?  
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C17 N1 I2 123.0(4) 2_877 1_666 ?  
C14 N1 I2 56.7(3) . 1_666 ?  
C13 N1 I2 114.4(3) 2_877 1_666 ?  
C18 N1 I2 84.4(3) . 1_666 ?  
N1 N1 I2 100.1(3) 2_877 1_666 ?  
I1 N1 I2 85.71(17) . 1_666 ?  
C24 N2 C19 118.0(8) 2_554 . ?  
C24 N2 C23 31.0(5) 2_554 2_554 ?  
C19 N2 C23 148.9(7) . 2_554 ?  
C24 N2 C20 149.1(7) 2_554 . ?  
C19 N2 C20 31.2(5) . . ?  
C23 N2 C20 179.2(5) 2_554 . ?  
C24 N2 C19 30.6(5) 2_554 2_554 ?  
C19 N2 C19 87.4(6) . 2_554 ?  
C23 N2 C19 61.5(4) 2_554 2_554 ?  
C20 N2 C19 118.6(4) . 2_554 ?  
C24 N2 C24 87.5(6) 2_554 . ?  
C19 N2 C24 30.4(5) . . ?  
C23 N2 C24 118.5(5) 2_554 . ?  
C20 N2 C24 61.6(4) . . ?  
C19 N2 C24 57.0(3) 2_554 . ?  
C24 N2 N2 59.3(5) 2_554 2_554 ?  
C19 N2 N2 58.7(5) . 2_554 ?  
C23 N2 N2 90.2(5) 2_554 2_554 ?  
C20 N2 N2 89.8(4) . 2_554 ?  
C19 N2 N2 28.8(3) 2_554 2_554 ?  
C24 N2 N2 28.2(3) . 2_554 ?  
C24 N2 I2 117.7(6) 2_554 . ?  
C19 N2 I2 118.5(6) . . ?  
C23 N2 I2 90.0(3) 2_554 . ?  
C20 N2 I2 90.3(3) . . ?  
C19 N2 I2 143.8(4) 2_554 . ?  
C24 N2 I2 144.4(4) . . ?  
N2 N2 I2 156.9(5) 2_554 . ?  
C24 N2 I1 67.5(5) 2_554 1_444 ?  
C19 N2 I1 95.5(5) . 1_444 ?  
C23 N2 I1 74.6(3) 2_554 1_444 ?  
C20 N2 I1 106.2(4) . 1_444 ?  
C19 N2 I1 68.6(3) 2_554 1_444 ?  
C24 N2 I1 84.4(3) . 1_444 ?  
N2 N2 I1 74.6(3) 2_554 1_444 ?  
I2 N2 I1 83.25(18) . 1_444 ?  
C24 N2 I1 93.2(5) 2_554 2_665 ?  
C19 N2 I1 65.6(5) . 2_665 ?  
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C23 N2 I1 105.1(4) 2_554 2_665 ?  
C20 N2 I1 74.2(3) . 2_665 ?  
C19 N2 I1 79.1(3) 2_554 2_665 ?  
C24 N2 I1 63.3(3) . 2_665 ?  
N2 N2 I1 68.8(3) 2_554 2_665 ?  
I2 N2 I1 133.0(2) . 2_665 ?  
I1 N2 I1 143.43(19) 1_444 2_665 ?  
C6 C1 C2 119.4(9) . . ?  
C6 C1 I1 120.2(7) . . ?  
C2 C1 I1 120.4(7) . . ?  
C3 C2 F1 118.0(8) . . ?  
C3 C2 C1 120.6(9) . . ?  
F1 C2 C1 121.4(9) . . ?  
C3 C2 I1 157.4(7) . . ?  
F1 C2 I1 84.6(5) . . ?  
C1 C2 I1 36.9(5) . . ?  
F2 C3 C2 119.5(8) . . ?  
F2 C3 C4 118.3(8) . . ?  
C2 C3 C4 122.2(9) . . ?  
C3 C4 C5 115.6(9) . . ?  
C3 C4 C10 123.4(9) . . ?  
C5 C4 C10 120.9(8) . . ?  
F4 C5 C6 119.4(8) . . ?  
F4 C5 C4 119.1(8) . . ?  
C6 C5 C4 121.5(8) . . ?  
C1 C6 F3 121.6(9) . . ?  
C1 C6 C5 120.6(9) . . ?  
F3 C6 C5 117.7(8) . . ?  
C1 C6 I1 37.3(5) . . ?  
F3 C6 I1 84.3(5) . . ?  
C5 C6 I1 157.7(6) . . ?  
C8 C7 C12 116.2(8) . . ?  
C8 C7 I2 121.9(7) . . ?  
C12 C7 I2 121.7(7) . . ?  
F5 C8 C7 120.0(8) . . ?  
F5 C8 C9 118.7(8) . . ?  
C7 C8 C9 121.3(9) . . ?  
F5 C8 I2 84.6(5) . . ?  
C7 C8 I2 35.5(5) . . ?  
C9 C8 I2 156.7(7) . . ?  
F6 C9 C8 118.4(8) . . ?  
F6 C9 C10 118.8(8) . . ?  
C8 C9 C10 122.7(8) . . ?  
F6 C9 I2 74.8(5) . 2_665 ?  
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C8 C9 I2 104.1(6) . 2_665 ?  
C10 C9 I2 86.8(5) . 2_665 ?  
C9 C10 C11 114.8(8) . . ?  
C9 C10 C4 123.7(8) . . ?  
C11 C10 C4 121.5(8) . . ?  
F8 C11 C12 119.9(8) . . ?  
F8 C11 C10 118.0(8) . . ?  
C12 C11 C10 122.1(9) . . ?  
C11 C12 F7 117.9(8) . . ?  
C11 C12 C7 122.8(8) . . ?  
F7 C12 C7 119.3(8) . . ?  
C11 C12 I2 158.2(7) . . ?  
F7 C12 I2 83.9(5) . . ?  
C7 C12 I2 35.5(5) . . ?  
N1 C13 C18 121.9(8) . . ?  
N1 C13 C14 118.4(8) . . ?  
C18 C13 C14 119.7(8) . . ?  
N1 C13 N1 93.8(6) . 2_877 ?  
C18 C13 N1 28.0(4) . 2_877 ?  
C14 C13 N1 147.7(6) . 2_877 ?  
C15 C14 C13 119.2(9) . . ?  
C15 C14 N1 149.0(8) . . ?  
C13 C14 N1 29.8(4) . . ?  
C15 C14 I2 96.7(6) . 1_666 ?  
C13 C14 I2 95.4(6) . 1_666 ?  
N1 C14 I2 88.8(3) . 1_666 ?  
C14 C15 C16 121.1(9) . . ?  
C17 C16 C15 121.5(9) . . ?  
C16 C17 C18 119.4(9) . . ?  
C16 C17 N1 149.0(7) . 2_877 ?  
C18 C17 N1 29.7(5) . 2_877 ?  
N1 C18 C13 122.3(8) 2_877 . ?  
N1 C18 C17 118.6(8) 2_877 . ?  
C13 C18 C17 119.2(8) . . ?  
N1 C18 N1 93.9(6) 2_877 . ?  
C13 C18 N1 28.3(4) . . ?  
C17 C18 N1 147.5(7) . . ?  
N2 C19 C20 119.3(9) . . ?  
N2 C19 C24 120.9(9) . . ?  
C20 C19 C24 119.9(8) . . ?  
N2 C19 N2 92.6(6) . 2_554 ?  
C20 C19 N2 148.2(7) . 2_554 ?  
C24 C19 N2 28.3(5) . 2_554 ?  
C21 C20 C19 118.6(10) . . ?  
340 
 
C21 C20 N2 148.2(8) . . ?  
C19 C20 N2 29.6(5) . . ?  
C20 C21 C22 121.9(10) . . ?  
C23 C22 C21 120.9(9) . . ?  
C22 C23 C24 120.1(10) . . ?  
C22 C23 N2 149.0(8) . 2_554 ?  
C24 C23 N2 28.8(5) . 2_554 ?  
N2 C24 C23 120.2(9) 2_554 . ?  
N2 C24 C19 121.1(8) 2_554 . ?  
C23 C24 C19 118.6(9) . . ?  
N2 C24 N2 92.5(6) 2_554 . ?  
C23 C24 N2 147.3(7) . . ?  
C19 C24 N2 28.7(5) . . ?  
  
_diffrn_measured_fraction_theta_max    0.936  
_diffrn_reflns_theta_full              25.10  
_diffrn_measured_fraction_theta_full   0.936  
_refine_diff_density_max    1.140  
_refine_diff_density_min   -1.075  





























_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C20 H6 F8 I2 N2'  
_chemical_formula_weight          680.07  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            ?  
_symmetry_space_group_name_H-M    ?  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    8.3239(15)  
_cell_length_b                    7.0027(16)  
_cell_length_c                    34.645(6)  
342 
 
_cell_angle_alpha                 90.00  
_cell_angle_beta                  93.26(9)  
_cell_angle_gamma                 90.00  
_cell_volume                      2016.2(7)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used           3073 
_cell_measurement_theta_min             2.3565 
_cell_measurement_theta_max             26.2857 
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.40  
_exptl_crystal_size_mid           0.25  
_exptl_crystal_size_min           0.22  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.240  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1272  
_exptl_absorpt_coefficient_mu     3.203  
_exptl_absorpt_correction_type          'None' 
_exptl_absorpt_correction_T_max         0.0000 
_exptl_absorpt_correction_T_min         0.0000 




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             7368  
_diffrn_reflns_av_R_equivalents   0.0257  
_diffrn_reflns_av_sigmaI/netI     0.0281  
_diffrn_reflns_limit_h_min        -9  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -8  
_diffrn_reflns_limit_k_max        7  
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_diffrn_reflns_limit_l_min        -42  
_diffrn_reflns_limit_l_max        39  
_diffrn_reflns_theta_min          2.36  
_diffrn_reflns_theta_max          26.02  
_reflns_number_total              3212  
_reflns_number_gt                 2969  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0010P)^2^+44.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3212  
_refine_ls_number_parameters      289  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0448  
_refine_ls_R_factor_gt            0.0406  
_refine_ls_wR_factor_ref          0.1030  
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_refine_ls_wR_factor_gt           0.1012  
_refine_ls_goodness_of_fit_ref    1.008  
_refine_ls_restrained_S_all       1.008  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.78515(6) 1.54761(8) -0.210928(13) 0.02285(16) Uani 1 1 d . . .  
I2 I 1.36984(6) 0.94950(8) 0.065612(14) 0.02359(16) Uani 1 1 d . . .  
F4 F 0.9397(5) 1.5128(6) -0.05834(12) 0.0224(9) Uani 1 1 d . . .  
F6 F 1.0262(5) 0.8892(6) -0.06950(13) 0.0268(10) Uani 1 1 d . . .  
F2 F 1.1639(5) 1.0318(6) -0.13476(12) 0.0260(10) Uani 1 1 d . . .  
F5 F 1.1490(6) 0.7603(6) -0.00175(13) 0.0296(11) Uani 1 1 d . . .  
F1 F 1.0043(6) 1.1716(7) -0.19726(13) 0.0288(11) Uani 1 1 d . . .  
F3 F 0.7950(5) 1.6652(6) -0.12161(13) 0.0270(10) Uani 1 1 d . . .  
F8 F 1.2765(5) 1.4848(6) -0.04593(13) 0.0246(10) Uani 1 1 d . . .  
F7 F 1.4022(6) 1.3557(7) 0.02225(13) 0.0325(11) Uani 1 1 d . . .  
C7 C 1.2808(9) 1.0532(11) 0.0120(2) 0.0200(15) Uani 1 1 d . . .  
C14 C 1.4862(9) 1.0415(12) -0.2068(2) 0.0245(17) Uani 1 1 d . . .  
H14A H 1.5021 0.9390 -0.2233 0.029 Uiso 1 1 calc R . .  
N2 N 1.3965(8) 1.1853(9) -0.21973(19) 0.0225(14) Uani 1 1 d . . .  
C13 C 1.5596(9) 1.0366(12) -0.1689(2) 0.0260(17) Uani 1 1 d . . .  
H13A H 1.6234 0.9322 -0.1616 0.031 Uiso 1 1 calc R . .  
C1 C 0.8968(8) 1.4244(11) -0.1613(2) 0.0205(16) Uani 1 1 d . . .  
N1 N 1.5410(8) 1.1730(10) -0.14407(19) 0.0250(15) Uani 1 1 d . . .  
C8 C 1.1845(9) 0.9394(11) -0.0122(2) 0.0212(16) Uani 1 1 d . . .  
C16 C 1.4494(9) 1.3258(11) -0.1565(2) 0.0199(16) Uani 1 1 d . . .  
C15 C 1.3761(8) 1.3310(11) -0.1939(2) 0.0193(15) Uani 1 1 d . . .  
C2 C 0.9888(9) 1.2609(11) -0.1632(2) 0.0193(15) Uani 1 1 d . . .  
C5 C 0.9619(8) 1.4316(10) -0.0929(2) 0.0180(15) Uani 1 1 d . . .  
C3 C 1.0699(9) 1.1876(10) -0.1306(2) 0.0191(15) Uani 1 1 d . . .  
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C19 C 1.2632(10) 1.6386(12) -0.1807(3) 0.0300(19) Uani 1 1 d . . .  
H19A H 1.2030 1.7447 -0.1887 0.036 Uiso 1 1 calc R . .  
C12 C 1.3090(9) 1.2393(12) 0.0001(2) 0.0220(16) Uani 1 1 d . . .  
C17 C 1.4264(10) 1.4813(12) -0.1310(2) 0.0270(18) Uani 1 1 d . . .  
H17A H 1.4753 1.4793 -0.1062 0.032 Uiso 1 1 calc R . .  
C4 C 1.0593(8) 1.2711(10) -0.0944(2) 0.0157(14) Uani 1 1 d . . .  
C11 C 1.2427(9) 1.3067(11) -0.0349(2) 0.0194(16) Uani 1 1 d . . .  
C10 C 1.1450(8) 1.1924(10) -0.0586(2) 0.0158(15) Uani 1 1 d . . .  
C9 C 1.1201(9) 1.0056(11) -0.0471(2) 0.0203(16) Uani 1 1 d . . .  
C18 C 1.3336(10) 1.6327(12) -0.1426(2) 0.0300(19) Uani 1 1 d . . .  
H18A H 1.3164 1.7321 -0.1255 0.036 Uiso 1 1 calc R . .  
C20 C 1.2819(9) 1.4921(12) -0.2056(2) 0.0278(19) Uani 1 1 d . . .  
H20A H 1.2330 1.4972 -0.2304 0.033 Uiso 1 1 calc R . .  
C6 C 0.8853(8) 1.5079(10) -0.1253(2) 0.0190(16) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0221(3) 0.0270(3) 0.0189(3) 0.00492(19) -0.00346(19) 0.0009(2)  
I2 0.0233(3) 0.0306(3) 0.0167(3) 0.0029(2) -0.00084(18) 0.0077(2)  
F4 0.031(2) 0.020(2) 0.017(2) -0.0038(16) 0.0026(17) 0.0030(18)  
F6 0.034(3) 0.021(2) 0.025(3) -0.0001(18) -0.0057(19) -0.0046(19)  
F2 0.032(2) 0.023(2) 0.023(2) -0.0029(19) 0.0035(18) 0.013(2)  
F5 0.042(3) 0.020(2) 0.027(3) 0.0019(19) 0.002(2) 0.001(2)  
F1 0.040(3) 0.027(3) 0.019(2) -0.0071(19) -0.0023(19) 0.003(2)  
F3 0.033(3) 0.019(2) 0.029(3) 0.0030(19) 0.0004(19) 0.011(2)  
F8 0.031(2) 0.017(2) 0.026(2) 0.0000(17) 0.0005(18) -0.0060(18)  
F7 0.037(3) 0.036(3) 0.024(3) -0.001(2) -0.008(2) -0.013(2)  
C7 0.024(4) 0.027(4) 0.009(3) 0.003(3) 0.003(3) 0.009(3)  
C14 0.031(4) 0.020(4) 0.023(4) -0.009(3) 0.004(3) 0.003(3)  
N2 0.023(3) 0.024(4) 0.021(4) -0.002(3) 0.000(3) 0.001(3)  
C13 0.024(4) 0.028(4) 0.026(4) 0.003(3) 0.002(3) 0.007(3)  
C1 0.018(4) 0.024(4) 0.020(4) 0.009(3) -0.002(3) -0.002(3)  
N1 0.025(4) 0.029(4) 0.020(4) 0.003(3) 0.001(3) -0.002(3)  
C8 0.023(4) 0.018(4) 0.023(4) -0.002(3) 0.006(3) 0.010(3)  
C16 0.016(4) 0.021(4) 0.023(4) 0.000(3) 0.002(3) 0.000(3)  
C15 0.016(4) 0.021(4) 0.020(4) 0.003(3) 0.001(3) -0.003(3)  
C2 0.024(4) 0.025(4) 0.010(4) -0.001(3) 0.001(3) -0.001(3)  
C5 0.022(4) 0.012(4) 0.020(4) 0.001(3) 0.002(3) -0.001(3)  
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C3 0.020(4) 0.017(4) 0.020(4) 0.002(3) 0.000(3) 0.001(3)  
C19 0.027(5) 0.025(5) 0.038(5) 0.006(4) 0.006(4) 0.004(3)  
C12 0.024(4) 0.028(4) 0.014(4) -0.003(3) 0.003(3) 0.002(3)  
C17 0.030(4) 0.029(5) 0.021(4) -0.001(3) -0.001(3) -0.001(3)  
C4 0.018(4) 0.014(4) 0.014(4) 0.000(3) 0.000(3) 0.000(3)  
C11 0.020(4) 0.018(4) 0.021(4) -0.002(3) 0.002(3) -0.001(3)  
C10 0.017(4) 0.014(4) 0.017(4) 0.000(3) 0.003(3) 0.005(3)  
C9 0.019(4) 0.025(4) 0.017(4) -0.005(3) 0.000(3) 0.005(3)  
C18 0.038(5) 0.023(4) 0.030(5) -0.007(3) 0.008(4) 0.004(4)  
C20 0.021(4) 0.033(5) 0.029(5) 0.006(3) -0.004(3) 0.002(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.095(7) . ?  
I1 N2 2.928(6) 2_754 ?  
I1 C6 3.048(8) . ?  
I1 C2 3.054(8) . ?  
I2 C7 2.092(7) . ?  
I2 N1 2.906(6) 3_875 ?  
I2 C8 3.029(8) . ?  
I2 C12 3.064(8) . ?  
F4 C5 1.347(8) . ?  
F6 C9 1.344(8) . ?  
F2 C3 1.355(8) . ?  
F5 C8 1.343(9) . ?  
F1 C2 1.349(8) . ?  
F3 C6 1.344(8) . ?  
F8 C11 1.340(8) . ?  
F7 C12 1.337(9) . ?  
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C7 C8 1.379(11) . ?  
C7 C12 1.390(11) . ?  
C14 N2 1.316(10) . ?  
C14 C13 1.417(11) . ?  
N2 C15 1.374(10) . ?  
N2 I1 2.928(6) 2_744 ?  
C13 N1 1.301(10) . ?  
C1 C2 1.381(11) . ?  
C1 C6 1.384(10) . ?  
N1 C16 1.369(10) . ?  
N1 I2 2.906(6) 3_875 ?  
C8 C9 1.377(10) . ?  
C16 C15 1.401(11) . ?  
C16 C17 1.422(11) . ?  
C15 C20 1.420(11) . ?  
C2 C3 1.381(10) . ?  
C5 C6 1.368(10) . ?  
C5 C4 1.389(10) . ?  
C3 C4 1.389(10) . ?  
C19 C20 1.356(12) . ?  
C19 C18 1.414(12) . ?  
C12 C11 1.386(10) . ?  
C17 C18 1.359(11) . ?  
C4 C10 1.500(10) . ?  
C11 C10 1.379(10) . ?  
C10 C9 1.387(10) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 N2 173.7(2) . 2_754 ?  
C1 I1 C6 22.9(3) . . ?  
N2 I1 C6 158.19(19) 2_754 . ?  
C1 I1 C2 22.7(3) . . ?  
N2 I1 C2 154.95(19) 2_754 . ?  
C6 I1 C2 45.57(18) . . ?  
C7 I2 N1 172.9(2) . 3_875 ?  
C7 I2 C8 23.2(3) . . ?  
N1 I2 C8 156.2(2) 3_875 . ?  
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C7 I2 C12 22.6(3) . . ?  
N1 I2 C12 155.6(2) 3_875 . ?  
C8 I2 C12 45.8(2) . . ?  
C8 C7 C12 117.7(7) . . ?  
C8 C7 I2 120.2(6) . . ?  
C12 C7 I2 122.0(6) . . ?  
N2 C14 C13 122.7(7) . . ?  
C14 N2 C15 115.8(6) . . ?  
C14 N2 I1 106.5(5) . 2_744 ?  
C15 N2 I1 134.5(5) . 2_744 ?  
N1 C13 C14 122.3(7) . . ?  
C2 C1 C6 117.4(6) . . ?  
C2 C1 I1 121.6(5) . . ?  
C6 C1 I1 121.0(5) . . ?  
C13 N1 C16 116.8(7) . . ?  
C13 N1 I2 111.6(5) . 3_875 ?  
C16 N1 I2 129.3(5) . 3_875 ?  
F5 C8 C9 118.1(7) . . ?  
F5 C8 C7 120.4(7) . . ?  
C9 C8 C7 121.5(7) . . ?  
F5 C8 I2 83.8(4) . . ?  
C9 C8 I2 158.1(6) . . ?  
C7 C8 I2 36.7(4) . . ?  
N1 C16 C15 121.1(7) . . ?  
N1 C16 C17 119.7(7) . . ?  
C15 C16 C17 119.2(7) . . ?  
N2 C15 C16 121.3(7) . . ?  
N2 C15 C20 119.4(7) . . ?  
C16 C15 C20 119.3(7) . . ?  
F1 C2 C1 120.5(6) . . ?  
F1 C2 C3 118.5(7) . . ?  
C1 C2 C3 121.0(7) . . ?  
F1 C2 I1 84.7(4) . . ?  
C1 C2 I1 35.8(4) . . ?  
C3 C2 I1 156.6(5) . . ?  
F4 C5 C6 118.9(6) . . ?  
F4 C5 C4 119.1(6) . . ?  
C6 C5 C4 122.0(7) . . ?  
F2 C3 C2 118.0(6) . . ?  
F2 C3 C4 120.2(6) . . ?  
C2 C3 C4 121.8(7) . . ?  
C20 C19 C18 121.1(8) . . ?  
F7 C12 C11 118.9(7) . . ?  
F7 C12 C7 120.3(7) . . ?  
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C11 C12 C7 120.8(7) . . ?  
F7 C12 I2 85.0(4) . . ?  
C11 C12 I2 156.1(6) . . ?  
C7 C12 I2 35.4(4) . . ?  
C18 C17 C16 120.6(8) . . ?  
C3 C4 C5 116.3(6) . . ?  
C3 C4 C10 122.6(6) . . ?  
C5 C4 C10 121.1(6) . . ?  
F8 C11 C10 119.7(7) . . ?  
F8 C11 C12 119.2(7) . . ?  
C10 C11 C12 121.1(7) . . ?  
C11 C10 C9 117.9(7) . . ?  
C11 C10 C4 121.1(6) . . ?  
C9 C10 C4 120.8(6) . . ?  
F6 C9 C8 119.2(7) . . ?  
F6 C9 C10 119.9(7) . . ?  
C8 C9 C10 120.9(7) . . ?  
C17 C18 C19 119.8(8) . . ?  
C19 C20 C15 120.1(8) . . ?  
F3 C6 C5 118.6(6) . . ?  
F3 C6 C1 120.0(6) . . ?  
C5 C6 C1 121.4(7) . . ?  
F3 C6 I1 83.9(4) . . ?  
C5 C6 I1 157.4(5) . . ?  
C1 C6 I1 36.1(4) . . ?  
  
_diffrn_measured_fraction_theta_max    0.807  
_diffrn_reflns_theta_full              26.02  
_diffrn_measured_fraction_theta_full   0.807  
_refine_diff_density_max    0.896  
_refine_diff_density_min   -0.974  

















_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C4 H I N'  
_chemical_formula_weight          191.98  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'P2/c'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y, -z+1/2'  
 '-x, -y, -z'  
 'x, -y, z-1/2'  
  
_cell_length_a                    4.2732(7)  
_cell_length_b                    11.6084(19)  
_cell_length_c                    10.0611(16)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  93.989(9)  
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_cell_angle_gamma                 90.00  
_cell_volume                      497.87(14)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     1776  
_cell_measurement_theta_min       2.6910  
_cell_measurement_theta_max       26.4695  
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.30  
_exptl_crystal_size_mid           0.20  
_exptl_crystal_size_min           0.10  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.561  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              348  
_exptl_absorpt_coefficient_mu     6.265  
_exptl_absorpt_correction_type          'Multi-scan' 
_exptl_absorpt_correction_T_max         1.0000 
_exptl_absorpt_correction_T_min         0.7062 




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 






 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             3857  
_diffrn_reflns_av_R_equivalents   0.0349  
_diffrn_reflns_av_sigmaI/netI     0.0241  
_diffrn_reflns_limit_h_min        -5  
_diffrn_reflns_limit_h_max        5  
_diffrn_reflns_limit_k_min        -14  
_diffrn_reflns_limit_k_max        14  
_diffrn_reflns_limit_l_min        -9  
_diffrn_reflns_limit_l_max        12  
_diffrn_reflns_theta_min          2.68  
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_diffrn_reflns_theta_max          26.44  
_reflns_number_total              1013  
_reflns_number_gt                 950  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0422P)^2^+0.8736P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0099(17)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          1013  
_refine_ls_number_parameters      56  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0290  
_refine_ls_R_factor_gt            0.0276  
_refine_ls_wR_factor_ref          0.0728  
_refine_ls_wR_factor_gt           0.0705  
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_refine_ls_goodness_of_fit_ref    1.112  
_refine_ls_restrained_S_all       1.112  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.09393(6) 0.31114(2) 0.62331(2) 0.02419(18) Uani 1 1 d . . .  
N1 N 0.3215(10) 0.3011(3) 0.3641(3) 0.0199(7) Uani 1 1 d . . .  
C1 C 0.4138(10) 0.3952(3) 0.3073(4) 0.0287(8) Uani 1 1 d . . .  
H1A H 0.3633 0.4656 0.3442 0.034 Uiso 1 1 calc R . .  
C4 C 0.4128(10) -0.0075(3) 0.3071(4) 0.0343(9) Uani 1 1 d . . .  
H4A H 0.3553 -0.0769 0.3446 0.041 Uiso 1 1 calc R . .  
C2 C 0.4133(9) 0.1987(3) 0.3075(4) 0.0231(8) Uani 1 1 d . . .  
C3 C 0.3286(11) 0.0943(4) 0.3625(4) 0.0330(9) Uani 1 1 d . . .  
H3A H 0.2137 0.0938 0.4377 0.040 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0229(2) 0.0263(2) 0.0238(2) 0.00072(7) 0.00485(14) -0.00039(7)  
N1 0.0253(16) 0.0206(17) 0.0138(16) -0.0006(10) 0.0015(12) -0.0016(12)  
C1 0.0321(19) 0.0242(19) 0.030(2) -0.0008(15) 0.0044(16) 0.0020(15)  
C4 0.043(2) 0.0227(19) 0.036(2) 0.0058(16) -0.0053(18) -0.0046(17)  
C2 0.0246(18) 0.0253(19) 0.0190(18) 0.0003(13) -0.0015(15) -0.0003(13)  






 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 I1 2.7255(6) 2_556 ?  
I1 N1 2.848(3) . ?  
N1 C1 1.307(5) . ?  
N1 C2 1.387(5) . ?  
C1 C1 1.410(8) 2_655 ?  
C4 C3 1.365(6) . ?  
C4 C4 1.412(9) 2_655 ?  
C2 C3 1.391(5) . ?  
C2 C2 1.417(8) 2_655 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
I1 I1 N1 176.31(8) 2_556 . ?  
C1 N1 C2 115.7(4) . . ?  
C1 N1 I1 120.0(3) . . ?  
C2 N1 I1 122.4(2) . . ?  
N1 C1 C1 123.3(2) . 2_655 ?  
C3 C4 C4 120.1(3) . 2_655 ?  
N1 C2 C3 119.6(4) . . ?  
N1 C2 C2 121.0(2) . 2_655 ?  
C3 C2 C2 119.4(2) . 2_655 ?  





 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
I1 I1 N1 C1 -121.1(10) 2_556 . . . ?  
I1 I1 N1 C2 42.4(13) 2_556 . . . ?  
C2 N1 C1 C1 2.2(8) . . . 2_655 ?  
I1 N1 C1 C1 166.8(4) . . . 2_655 ?  
C1 N1 C2 C3 179.2(4) . . . . ?  
I1 N1 C2 C3 15.1(6) . . . . ?  
C1 N1 C2 C2 -2.1(7) . . . 2_655 ?  
I1 N1 C2 C2 -166.3(4) . . . 2_655 ?  
C4 C4 C3 C2 0.0(8) 2_655 . . . ?  
N1 C2 C3 C4 179.1(4) . . . . ?  
C2 C2 C3 C4 0.4(7) 2_655 . . . ?  
  
_diffrn_measured_fraction_theta_max    0.977  
_diffrn_reflns_theta_full              26.44  
_diffrn_measured_fraction_theta_full   0.977  
_refine_diff_density_max    1.604  
_refine_diff_density_min   -0.904  



















_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C18 H12 F4 I2 N2'  
_chemical_formula_weight          406.11  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Orthorhombic'  
_symmetry_space_group_name_H-M    'Aba2'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, z'  
 'x+1/2, -y+1/2, z'  
 '-x+1/2, y+1/2, z'  
 'x, y+1/2, z+1/2'  
 '-x, -y+1/2, z+1/2'  
 'x+1/2, -y+1, z+1/2'  




_cell_length_a                    13.280(12)  
_cell_length_b                    18.520(15)  
_cell_length_c                    15.279(18)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
_cell_angle_gamma                 90.00  
_cell_volume                      3757.5(13)  
_cell_formula_units_Z             8  
_cell_measurement_temperature     172.1500  
_cell_measurement_reflns_used     7119  
_cell_measurement_theta_min       2.1994  
_cell_measurement_theta_max       26.3342  
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.30  
_exptl_crystal_size_mid           0.25  
_exptl_crystal_size_min           0.25  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.200  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              2400  
_exptl_absorpt_coefficient_mu     3.396  
_exptl_absorpt_correction_type          'Multi-scan' 
_exptl_absorpt_correction_T_max         1.0000 
_exptl_absorpt_correction_T_min         0.6302 




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 





Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             15304  
_diffrn_reflns_av_R_equivalents   0.0308  
_diffrn_reflns_av_sigmaI/netI     0.0224  
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_diffrn_reflns_limit_h_min        -16  
_diffrn_reflns_limit_h_max        16  
_diffrn_reflns_limit_k_min        -23  
_diffrn_reflns_limit_k_max        21  
_diffrn_reflns_limit_l_min        -19  
_diffrn_reflns_limit_l_max        17  
_diffrn_reflns_theta_min          2.20  
_diffrn_reflns_theta_max          26.33  
_reflns_number_total              3710  
_reflns_number_gt                 3528  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0538P)^2^+7.1959P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.00029(8)  
_refine_ls_extinction_expression  




 'Flack H D (1983), Acta Cryst. A39, 876-881'  
_refine_ls_abs_structure_Flack    -0.01(3)  
_refine_ls_number_reflns          3710  
_refine_ls_number_parameters      236  
_refine_ls_number_restraints      1  
_refine_ls_R_factor_all           0.0340  
_refine_ls_R_factor_gt            0.0324  
_refine_ls_wR_factor_ref          0.0901  
_refine_ls_wR_factor_gt           0.0875  
_refine_ls_goodness_of_fit_ref    1.132  
_refine_ls_restrained_S_all       1.132  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.40005(2) 0.38515(2) 0.40550(2) 0.03686(13) Uani 1 1 d . . .  
I2 I 0.40072(2) 0.31270(2) -0.04355(2) 0.03520(13) Uani 1 1 d . . .  
F1 F 0.3953(3) 0.4884(2) 0.2364(3) 0.0402(9) Uani 1 1 d . . .  
F2 F 0.3970(3) 0.4612(2) 0.0647(3) 0.0445(10) Uani 1 1 d . . .  
F3 F 0.4121(2) 0.21050(19) 0.1249(3) 0.0357(8) Uani 1 1 d . . .  
F4 F 0.4082(2) 0.23801(19) 0.2953(3) 0.0384(9) Uani 1 1 d . . .  
N1 N 0.1293(4) 0.4185(3) 0.0988(3) 0.0355(11) Uani 1 1 d . . .  
N2 N 0.1447(3) 0.2770(2) 0.2634(3) 0.0299(9) Uani 1 1 d . . .  
C1 C 0.4034(3) 0.3641(4) 0.2701(4) 0.0272(11) Uani 1 1 d . . .  
C2 C 0.4005(3) 0.4196(4) 0.2098(4) 0.0313(13) Uani 1 1 d . . .  
C3 C 0.4018(4) 0.4050(4) 0.1219(5) 0.0304(13) Uani 1 1 d . . .  
C4 C 0.4062(3) 0.3347(3) 0.0908(4) 0.0283(11) Uani 1 1 d . . .  
C5 C 0.4091(3) 0.2796(3) 0.1504(4) 0.0289(11) Uani 1 1 d . . .  
C6 C 0.4066(4) 0.2940(3) 0.2399(5) 0.0279(12) Uani 1 1 d . . .  
C7 C 0.1238(5) 0.4906(3) 0.0963(4) 0.0365(13) Uani 1 1 d . . .  
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H7A H 0.1178 0.5123 0.0416 0.044 Uiso 1 1 calc R . .  
C8 C 0.1265(5) 0.5356(3) 0.1691(4) 0.0394(13) Uani 1 1 d . . .  
H8A H 0.1221 0.5855 0.1631 0.047 Uiso 1 1 calc R . .  
C9 C 0.1359(4) 0.5037(3) 0.2512(4) 0.0340(12) Uani 1 1 d . . .  
C10 C 0.1438(4) 0.4302(3) 0.2547(4) 0.0331(12) Uani 1 1 d . . .  
H10A H 0.1521 0.4077 0.3087 0.040 Uiso 1 1 calc R . .  
C11 C 0.1396(4) 0.3880(3) 0.1791(4) 0.0248(11) Uani 1 1 d . . .  
C12 C 0.1480(4) 0.3076(3) 0.1838(4) 0.0271(11) Uani 1 1 d . . .  
C13 C 0.1599(4) 0.2671(3) 0.1075(4) 0.0282(10) Uani 1 1 d . . .  
H13A H 0.1612 0.2900 0.0534 0.034 Uiso 1 1 calc R . .  
C14 C 0.1700(4) 0.1924(3) 0.1125(4) 0.0306(11) Uani 1 1 d . . .  
C15 C 0.1675(4) 0.1618(3) 0.1951(4) 0.0355(12) Uani 1 1 d . . .  
H15A H 0.1738 0.1121 0.2020 0.043 Uiso 1 1 calc R . .  
C16 C 0.1556(4) 0.2058(3) 0.2667(4) 0.0349(12) Uani 1 1 d . . .  
H16A H 0.1551 0.1841 0.3216 0.042 Uiso 1 1 calc R . .  
C17 C 0.1404(6) 0.5490(4) 0.3341(5) 0.0534(17) Uani 1 1 d . . .  
C18 C 0.1859(5) 0.1479(3) 0.0301(4) 0.0432(13) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0396(2) 0.0433(2) 0.0277(2) -0.00038(15) 0.00091(17) -0.00187(12)  
I2 0.0362(2) 0.0427(2) 0.0267(2) 0.00148(15) 0.00075(17) 0.00043(12)  
F1 0.052(2) 0.0270(19) 0.041(2) -0.0014(16) 0.0053(15) 0.0057(13)  
F2 0.061(2) 0.034(2) 0.038(2) 0.0124(16) 0.0046(15) -0.0004(14)  
F3 0.0418(17) 0.0255(17) 0.040(2) 0.0022(14) -0.0065(14) 0.0009(12)  
F4 0.0465(19) 0.0306(18) 0.038(2) 0.0113(15) -0.0026(13) -0.0018(12)  
N1 0.048(3) 0.028(2) 0.031(3) 0.0012(19) 0.001(2) 0.001(2)  
N2 0.037(2) 0.026(2) 0.027(2) 0.0002(18) 0.0024(18) 0.0011(17)  
C1 0.033(3) 0.035(3) 0.014(3) -0.002(2) 0.0020(16) -0.0042(19)  
C2 0.034(3) 0.026(3) 0.033(3) 0.002(2) 0.0005(19) -0.0002(19)  
C3 0.035(3) 0.029(3) 0.028(3) 0.010(3) -0.0009(19) -0.003(2)  
C4 0.028(3) 0.030(3) 0.028(3) -0.003(2) -0.0010(17) -0.0029(17)  
C5 0.031(2) 0.024(3) 0.032(3) -0.001(2) -0.0017(19) -0.0018(19)  
C6 0.028(3) 0.029(3) 0.027(3) 0.008(2) -0.0023(19) -0.0022(19)  
C7 0.056(3) 0.023(3) 0.031(3) 0.002(2) 0.000(3) -0.003(2)  
C8 0.054(3) 0.025(3) 0.039(4) -0.001(2) 0.001(3) -0.005(2)  
C9 0.031(3) 0.036(3) 0.035(3) -0.010(2) 0.001(2) -0.004(2)  
C10 0.041(3) 0.032(3) 0.027(3) -0.001(2) 0.002(2) -0.005(2)  
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C11 0.021(2) 0.025(3) 0.029(3) -0.0042(19) -0.001(2) -0.0030(17)  
C12 0.026(3) 0.024(3) 0.032(3) 0.001(2) -0.003(2) -0.0002(17)  
C13 0.029(2) 0.031(2) 0.024(3) 0.000(2) -0.0037(18) 0.0004(19)  
C14 0.027(2) 0.031(3) 0.034(3) -0.007(2) -0.001(2) 0.0015(19)  
C15 0.034(3) 0.026(3) 0.047(4) 0.000(2) 0.003(2) -0.003(2)  
C16 0.040(3) 0.030(3) 0.035(3) 0.008(2) 0.006(2) 0.006(2)  
C17 0.076(5) 0.039(3) 0.045(4) -0.014(3) 0.001(3) -0.003(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.106(6) . ?  
I1 N1 3.043(5) 8_545 ?  
I2 C4 2.094(6) . ?  
I2 N2 3.082(5) 8_544 ?  
F1 C2 1.340(8) . ?  
F2 C3 1.359(7) . ?  
F3 C5 1.338(7) . ?  
F4 C6 1.338(7) . ?  
N1 C7 1.337(7) . ?  
N1 C11 1.356(8) . ?  
N1 I1 3.043(5) 8_544 ?  
N2 C16 1.328(7) . ?  
N2 C12 1.343(8) . ?  
N2 I2 3.082(5) 8_545 ?  
C1 C6 1.378(9) . ?  
C1 C2 1.382(9) . ?  
C2 C3 1.370(11) . ?  
C3 C4 1.388(9) . ?  
C4 C5 1.368(9) . ?  
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C5 C6 1.393(10) . ?  
C7 C8 1.390(9) . ?  
C8 C9 1.393(9) . ?  
C9 C10 1.367(8) . ?  
C9 C17 1.520(8) . ?  
C10 C11 1.395(8) . ?  
C11 C12 1.495(6) . ?  
C12 C13 1.395(8) . ?  
C13 C14 1.392(7) . ?  
C14 C15 1.383(9) . ?  
C14 C18 1.520(7) . ?  
C15 C16 1.373(9) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 N1 173.75(17) . 8_545 ?  
C4 I2 N2 170.60(15) . 8_544 ?  
C7 N1 C11 116.6(5) . . ?  
C7 N1 I1 99.6(4) . 8_544 ?  
C11 N1 I1 143.6(4) . 8_544 ?  
C16 N2 C12 116.7(4) . . ?  
C16 N2 I2 101.4(3) . 8_545 ?  
C12 N2 I2 141.5(3) . 8_545 ?  
C6 C1 C2 118.6(5) . . ?  
C6 C1 I1 120.3(4) . . ?  
C2 C1 I1 121.1(5) . . ?  
F1 C2 C3 119.1(6) . . ?  
F1 C2 C1 120.4(6) . . ?  
C3 C2 C1 120.5(6) . . ?  
F2 C3 C2 118.7(6) . . ?  
F2 C3 C4 120.0(6) . . ?  
C2 C3 C4 121.4(6) . . ?  
C5 C4 C3 118.3(6) . . ?  
C5 C4 I2 120.6(4) . . ?  
C3 C4 I2 121.1(4) . . ?  
F3 C5 C4 121.4(6) . . ?  
F3 C5 C6 118.0(5) . . ?  
C4 C5 C6 120.7(6) . . ?  
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F4 C6 C1 121.2(6) . . ?  
F4 C6 C5 118.2(6) . . ?  
C1 C6 C5 120.6(6) . . ?  
N1 C7 C8 125.0(6) . . ?  
C7 C8 C9 117.9(5) . . ?  
C10 C9 C8 117.7(5) . . ?  
C10 C9 C17 120.9(6) . . ?  
C8 C9 C17 121.3(5) . . ?  
C9 C10 C11 121.4(5) . . ?  
N1 C11 C10 121.3(5) . . ?  
N1 C11 C12 117.7(4) . . ?  
C10 C11 C12 120.9(5) . . ?  
N2 C12 C13 122.2(5) . . ?  
N2 C12 C11 117.5(4) . . ?  
C13 C12 C11 120.3(4) . . ?  
C14 C13 C12 120.0(5) . . ?  
C15 C14 C13 117.0(5) . . ?  
C15 C14 C18 122.5(5) . . ?  
C13 C14 C18 120.5(5) . . ?  
C16 C15 C14 119.1(5) . . ?  
N2 C16 C15 124.9(5) . . ?  
  
_diffrn_measured_fraction_theta_max    0.996  
_diffrn_reflns_theta_full              26.33  
_diffrn_measured_fraction_theta_full   0.996  
_refine_diff_density_max    1.638  
_refine_diff_density_min   -0.812  























_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,3-bis(diphenylphosphino)propane-disulfide 
tetraiodoethylene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C29 H30 I4 P2 S2'  
_chemical_formula_weight          1012.19  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    9.046(4)  
_cell_length_b                    9.293(9)  
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_cell_length_c                    20.683(5)  
_cell_angle_alpha                 96.08(3)  
_cell_angle_beta                  94.81(3)  
_cell_angle_gamma                 100.52(3)  
_cell_volume                      1690.4(6)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     153.1500  
_cell_measurement_reflns_used           2024 
_cell_measurement_theta_min             2.3736 
_cell_measurement_theta_max             28.8264 
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.36  
_exptl_crystal_size_mid           0.24  
_exptl_crystal_size_min           0.24  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.989  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              956  
_exptl_absorpt_coefficient_mu     3.923  
_exptl_absorpt_correction_type          'Multi-scan' 
_exptl_absorpt_correction_T_max         1.0000 
_exptl_absorpt_correction_T_min         0.4101 




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998.  
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             16098  
_diffrn_reflns_av_R_equivalents   0.0476  
_diffrn_reflns_av_sigmaI/netI     0.0799  
_diffrn_reflns_limit_h_min        -11  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -11  
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_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -24  
_diffrn_reflns_limit_l_max        25  
_diffrn_reflns_theta_min          2.81  
_diffrn_reflns_theta_max          26.37  
_reflns_number_total              6673  
_reflns_number_gt                 4482  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0100P)^2^+18.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          6673  
_refine_ls_number_parameters      334  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0821  
_refine_ls_R_factor_gt            0.0493  
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_refine_ls_wR_factor_ref          0.1069  
_refine_ls_wR_factor_gt           0.0907  
_refine_ls_goodness_of_fit_ref    1.004  
_refine_ls_restrained_S_all       1.004  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 1.35631(7) 0.75654(6) -0.06024(3) 0.03152(16) Uani 1 1 d . . .  
I2 I 1.32894(7) 1.12743(6) -0.06761(3) 0.03208(16) Uani 1 1 d . . .  
I3 I 0.13760(7) 0.36026(7) 0.42072(3) 0.03513(17) Uani 1 1 d . . .  
I4 I -0.24774(7) 0.37529(7) 0.43259(3) 0.03443(17) Uani 1 1 d . . .  
P1 P 1.0809(2) 0.4483(2) -0.19523(12) 0.0227(5) Uani 1 1 d . . .  
P2 P 1.5198(2) 0.8688(2) -0.28714(12) 0.0269(5) Uani 1 1 d . . .  
S1 S 1.2386(3) 0.4138(2) -0.13048(13) 0.0317(5) Uani 1 1 d . . .  
S2 S 1.5728(3) 0.7063(3) -0.34375(15) 0.0422(7) Uani 1 1 d . . .  
C6 C 0.9057(9) 0.4577(9) -0.1616(5) 0.0247(19) Uani 1 1 d . . .  
C4 C 1.2939(9) 0.6608(9) -0.2445(4) 0.0237(18) Uani 1 1 d . . .  
H4A H 1.3651 0.6467 -0.2090 0.028 Uiso 1 1 calc R . .  
H4B H 1.3033 0.5941 -0.2826 0.028 Uiso 1 1 calc R . .  
C3 C 1.1319(9) 0.6258(9) -0.2250(4) 0.0235(18) Uani 1 1 d . . .  
H3A H 1.0616 0.6290 -0.2627 0.028 Uiso 1 1 calc R . .  
H3B H 1.1199 0.7024 -0.1913 0.028 Uiso 1 1 calc R . .  
C5 C 1.3306(9) 0.8211(9) -0.2598(5) 0.0261(19) Uani 1 1 d . . .  
H5A H 1.3245 0.8871 -0.2209 0.031 Uiso 1 1 calc R . .  
H5B H 1.2556 0.8356 -0.2935 0.031 Uiso 1 1 calc R . .  
C2 C -0.0215(10) 0.4490(10) 0.4741(5) 0.031(2) Uani 1 1 d . . .  
C1 C 1.4418(10) 0.9779(10) -0.0228(5) 0.029(2) Uani 1 1 d . . .  
C12 C 1.0415(9) 0.3043(9) -0.2645(5) 0.0238(19) Uani 1 1 d . . .  
C18 C 1.6502(9) 0.9236(9) -0.2129(4) 0.0242(19) Uani 1 1 d . . .  
C13 C 1.0203(10) 0.1556(10) -0.2538(5) 0.032(2) Uani 1 1 d . . .  
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H13A H 1.0220 0.1325 -0.2111 0.038 Uiso 1 1 calc R . .  
C19 C 1.7515(11) 0.8328(10) -0.1954(5) 0.034(2) Uani 1 1 d . . .  
H19A H 1.7532 0.7451 -0.2214 0.041 Uiso 1 1 calc R . .  
C23 C 1.6516(10) 1.0540(10) -0.1734(5) 0.034(2) Uani 1 1 d . . .  
H23A H 1.5856 1.1151 -0.1849 0.040 Uiso 1 1 calc R . .  
C20 C 1.8490(11) 0.8768(12) -0.1385(6) 0.043(3) Uani 1 1 d . . .  
H20A H 1.9165 0.8175 -0.1266 0.052 Uiso 1 1 calc R . .  
C17 C 1.0364(11) 0.3368(10) -0.3272(5) 0.038(2) Uani 1 1 d . . .  
H17A H 1.0455 0.4339 -0.3360 0.045 Uiso 1 1 calc R . .  
C7 C 0.7675(10) 0.4301(9) -0.1999(5) 0.030(2) Uani 1 1 d . . .  
H7A H 0.7620 0.4028 -0.2447 0.036 Uiso 1 1 calc R . .  
C10 C 0.7809(11) 0.5199(10) -0.0656(5) 0.037(2) Uani 1 1 d . . .  
H10A H 0.7853 0.5496 -0.0210 0.045 Uiso 1 1 calc R . .  
C22 C 1.7488(10) 1.0932(11) -0.1178(5) 0.037(2) Uani 1 1 d . . .  
H22A H 1.7483 1.1808 -0.0915 0.044 Uiso 1 1 calc R . .  
C8 C 0.6368(10) 0.4439(10) -0.1701(6) 0.042(3) Uani 1 1 d . . .  
H8A H 0.5435 0.4205 -0.1952 0.050 Uiso 1 1 calc R . .  
C11 C 0.9108(11) 0.5034(10) -0.0943(5) 0.034(2) Uani 1 1 d . . .  
H11A H 1.0032 0.5230 -0.0685 0.041 Uiso 1 1 calc R . .  
C21 C 1.8488(11) 1.0035(11) -0.0998(5) 0.039(2) Uani 1 1 d . . .  
H21A H 1.9147 1.0303 -0.0617 0.046 Uiso 1 1 calc R . .  
C25 C 1.4333(11) 1.1380(11) -0.3057(6) 0.043(3) Uani 1 1 d . . .  
H25A H 1.3791 1.1255 -0.2698 0.052 Uiso 1 1 calc R . .  
C9 C 0.6427(11) 0.4907(11) -0.1052(6) 0.043(3) Uani 1 1 d . . .  
H9A H 0.5547 0.5034 -0.0870 0.051 Uiso 1 1 calc R . .  
C24 C 1.5137(10) 1.0333(10) -0.3268(5) 0.036(2) Uani 1 1 d . . .  
C14 C 0.9980(11) 0.0471(11) -0.3028(6) 0.041(3) Uani 1 1 d . . .  
H14A H 0.9851 -0.0505 -0.2943 0.050 Uiso 1 1 calc R . .  
C16 C 1.0172(15) 0.2205(12) -0.3783(6) 0.057(3) Uani 1 1 d . . .  
H16A H 1.0209 0.2424 -0.4211 0.069 Uiso 1 1 calc R . .  
C15 C 0.9939(13) 0.0797(13) -0.3674(6) 0.054(3) Uani 1 1 d . . .  
H15A H 0.9752 0.0044 -0.4021 0.065 Uiso 1 1 calc R . .  
C27 C 1.5113(16) 1.2788(15) -0.3897(8) 0.074(4) Uani 1 1 d . . .  
H27A H 1.5125 1.3629 -0.4105 0.089 Uiso 1 1 calc R . .  
C26 C 1.4319(13) 1.2627(13) -0.3376(7) 0.061(4) Uani 1 1 d . . .  
H26A H 1.3774 1.3335 -0.3233 0.073 Uiso 1 1 calc R . .  
C29 C 1.5937(14) 1.0547(15) -0.3805(7) 0.067(4) Uani 1 1 d . . .  
H29A H 1.6507 0.9862 -0.3949 0.081 Uiso 1 1 calc R . .  
C28 C 1.5891(19) 1.1767(19) -0.4126(9) 0.101(6) Uani 1 1 d . . .  
H28A H 1.6392 1.1886 -0.4498 0.121 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
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 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0339(3) 0.0221(3) 0.0344(4) 0.0001(3) -0.0046(3) 0.0003(2)  
I2 0.0316(3) 0.0268(3) 0.0368(4) 0.0049(3) -0.0040(3) 0.0059(2)  
I3 0.0386(4) 0.0300(3) 0.0348(4) -0.0027(3) 0.0083(3) 0.0034(3)  
I4 0.0339(3) 0.0338(3) 0.0310(4) -0.0004(3) 0.0053(3) -0.0036(3)  
P1 0.0190(11) 0.0174(11) 0.0313(13) 0.0042(10) 0.0028(9) 0.0020(8)  
P2 0.0228(12) 0.0236(12) 0.0327(14) 0.0014(10) 0.0091(10) -0.0013(9)  
S1 0.0286(12) 0.0249(12) 0.0405(15) 0.0069(10) -0.0045(10) 0.0046(9)  
S2 0.0322(13) 0.0384(14) 0.0511(18) -0.0125(13) 0.0151(12) -0.0005(10)  
C6 0.023(4) 0.015(4) 0.034(5) 0.005(4) 0.007(4) -0.003(3)  
C4 0.026(4) 0.020(4) 0.025(5) 0.002(4) 0.006(4) 0.003(3)  
C3 0.023(4) 0.021(4) 0.025(5) 0.004(4) 0.004(4) -0.002(3)  
C5 0.021(4) 0.023(4) 0.034(5) 0.000(4) 0.008(4) 0.004(3)  
C2 0.037(5) 0.027(5) 0.032(5) 0.014(4) 0.006(4) 0.004(4)  
C1 0.031(5) 0.025(5) 0.030(5) 0.004(4) -0.004(4) 0.007(4)  
C12 0.015(4) 0.021(4) 0.034(5) -0.001(4) 0.005(4) 0.000(3)  
C18 0.021(4) 0.023(4) 0.032(5) 0.015(4) 0.012(4) 0.002(3)  
C13 0.035(5) 0.025(5) 0.037(6) 0.010(4) 0.006(4) 0.004(4)  
C19 0.043(6) 0.027(5) 0.034(6) 0.003(4) 0.007(5) 0.008(4)  
C23 0.025(5) 0.028(5) 0.047(7) 0.010(5) -0.002(4) 0.002(4)  
C20 0.039(6) 0.052(7) 0.046(7) 0.024(6) 0.008(5) 0.014(5)  
C17 0.051(6) 0.022(5) 0.033(6) 0.006(4) -0.004(5) -0.007(4)  
C7 0.029(5) 0.018(4) 0.040(6) 0.006(4) 0.005(4) -0.001(3)  
C10 0.044(6) 0.032(5) 0.043(6) 0.012(5) 0.026(5) 0.013(4)  
C22 0.028(5) 0.032(5) 0.047(7) 0.005(5) 0.004(5) -0.004(4)  
C8 0.012(4) 0.032(5) 0.081(9) 0.000(5) 0.010(5) 0.007(4)  
C11 0.036(5) 0.032(5) 0.033(6) 0.006(4) 0.008(4) 0.004(4)  
C21 0.030(5) 0.045(6) 0.037(6) 0.010(5) 0.002(4) -0.006(4)  
C25 0.038(6) 0.033(6) 0.063(8) 0.023(5) 0.011(5) 0.006(4)  
C9 0.031(5) 0.038(6) 0.063(8) 0.004(5) 0.025(5) 0.009(4)  
C24 0.030(5) 0.032(5) 0.048(7) 0.012(5) 0.010(5) 0.000(4)  
C14 0.042(6) 0.024(5) 0.053(7) -0.003(5) 0.005(5) -0.002(4)  
C16 0.094(9) 0.036(6) 0.028(6) 0.001(5) -0.005(6) -0.018(6)  
C15 0.061(8) 0.043(7) 0.045(7) -0.008(6) 0.006(6) -0.013(5)  
C27 0.072(9) 0.059(9) 0.104(13) 0.055(9) 0.014(9) 0.021(7)  
C26 0.046(7) 0.045(7) 0.095(11) 0.028(7) -0.003(7) 0.011(5)  
C29 0.066(8) 0.070(9) 0.081(10) 0.040(8) 0.045(8) 0.019(7)  






 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.100(9) . ?  
I1 C1 3.051(9) 2_875 ?  
I1 S1 3.303(3) . ?  
I1 I2 3.5187(11) . ?  
I1 I2 3.6434(16) 2_875 ?  
I1 P1 4.092(3) . ?  
I1 I1 5.067(2) 2_875 ?  
I2 C1 2.114(8) . ?  
I2 C1 3.038(8) 2_875 ?  
I2 S1 3.285(2) 1_565 ?  
I2 I1 3.6434(16) 2_875 ?  
I2 I2 5.0634(19) 2_875 ?  
I3 C2 2.116(10) . ?  
I3 C2 3.036(10) 2_566 ?  
I3 S2 3.296(3) 2_765 ?  
I3 I4 3.5418(11) . ?  
I3 I4 3.6410(16) 2_566 ?  
I3 I3 5.062(2) 2_566 ?  
I4 C2 2.113(9) . ?  
I4 C2 3.068(9) 2_566 ?  
I4 S2 3.253(3) 2_665 ?  
I4 I3 3.6410(16) 2_566 ?  
I4 P2 3.941(3) 2_665 ?  
I4 I4 5.097(2) 2_566 ?  
P1 C6 1.795(9) . ?  
P1 C3 1.816(8) . ?  
P1 C12 1.817(9) . ?  
P1 S1 1.967(3) . ?  
P2 C24 1.818(10) . ?  
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P2 C18 1.823(9) . ?  
P2 C5 1.840(8) . ?  
P2 S2 1.966(4) . ?  
P2 I4 3.941(3) 2_665 ?  
S1 C12 3.131(9) . ?  
S1 C6 3.134(9) . ?  
S1 C3 3.135(9) . ?  
S1 I2 3.285(2) 1_545 ?  
S2 C18 3.147(10) . ?  
S2 C24 3.169(10) . ?  
S2 C5 3.171(9) . ?  
S2 I4 3.253(3) 2_665 ?  
S2 I3 3.296(3) 2_765 ?  
C6 C7 1.388(12) . ?  
C6 C11 1.407(13) . ?  
C4 C5 1.538(11) . ?  
C4 C3 1.539(11) . ?  
C2 C2 1.332(19) 2_566 ?  
C2 I3 3.036(10) 2_566 ?  
C2 I4 3.068(9) 2_566 ?  
C1 C1 1.326(17) 2_875 ?  
C1 I2 3.038(8) 2_875 ?  
C1 I1 3.051(9) 2_875 ?  
C12 C17 1.361(13) . ?  
C12 C13 1.403(11) . ?  
C18 C23 1.385(13) . ?  
C18 C19 1.405(12) . ?  
C13 C14 1.328(14) . ?  
C19 C20 1.386(14) . ?  
C23 C22 1.361(13) . ?  
C20 C21 1.351(15) . ?  
C17 C16 1.405(15) . ?  
C7 C8 1.399(13) . ?  
C10 C11 1.386(12) . ?  
C10 C9 1.402(15) . ?  
C22 C21 1.391(13) . ?  
C8 C9 1.359(15) . ?  
C25 C24 1.374(14) . ?  
C25 C26 1.394(14) . ?  
C24 C29 1.387(15) . ?  
C14 C15 1.399(16) . ?  
C16 C15 1.333(15) . ?  
C27 C28 1.35(2) . ?  
C27 C26 1.351(19) . ?  
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C29 C28 1.379(18) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 C1 21.0(4) . 2_875 ?  
C1 I1 S1 174.9(3) . . ?  
C1 I1 S1 159.28(16) 2_875 . ?  
C1 I1 I2 33.5(2) . . ?  
C1 I1 I2 54.53(16) 2_875 . ?  
S1 I1 I2 145.08(5) . . ?  
C1 I1 I2 56.5(2) . 2_875 ?  
C1 I1 I2 35.43(16) 2_875 2_875 ?  
S1 I1 I2 124.42(5) . 2_875 ?  
I2 I1 I2 89.96(4) . 2_875 ?  
C1 I1 P1 150.2(2) . . ?  
C1 I1 P1 170.19(17) 2_875 . ?  
S1 I1 P1 28.36(5) . . ?  
I2 I1 P1 116.88(4) . . ?  
I2 I1 P1 152.69(4) 2_875 . ?  
C1 I1 I1 12.5(2) . 2_875 ?  
C1 I1 I1 8.56(16) 2_875 2_875 ?  
S1 I1 I1 167.40(5) . 2_875 ?  
I2 I1 I1 45.98(2) . 2_875 ?  
I2 I1 I1 43.98(3) 2_875 2_875 ?  
P1 I1 I1 162.35(4) . 2_875 ?  
C1 I2 C1 21.6(4) . 2_875 ?  
C1 I2 S1 165.5(2) . 1_565 ?  
C1 I2 S1 145.16(17) 2_875 1_565 ?  
C1 I2 I1 33.3(2) . . ?  
C1 I2 I1 54.86(17) 2_875 . ?  
S1 I2 I1 157.62(5) 1_565 . ?  
C1 I2 I1 56.8(2) . 2_875 ?  
C1 I2 I1 35.18(17) 2_875 2_875 ?  
S1 I2 I1 110.67(5) 1_565 2_875 ?  
I1 I2 I1 90.04(4) . 2_875 ?  
C1 I2 I2 12.8(2) . 2_875 ?  
C1 I2 I2 8.85(17) 2_875 2_875 ?  
S1 I2 I2 153.71(5) 1_565 2_875 ?  
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I1 I2 I2 46.02(3) . 2_875 ?  
I1 I2 I2 44.02(2) 2_875 2_875 ?  
C2 I3 C2 21.9(4) . 2_566 ?  
C2 I3 S2 167.9(2) . 2_765 ?  
C2 I3 S2 147.63(18) 2_566 2_765 ?  
C2 I3 I4 33.1(3) . . ?  
C2 I3 I4 54.95(18) 2_566 . ?  
S2 I3 I4 154.65(6) 2_765 . ?  
C2 I3 I4 57.3(3) . 2_566 ?  
C2 I3 I4 35.45(18) 2_566 2_566 ?  
S2 I3 I4 113.18(6) 2_765 2_566 ?  
I4 I3 I4 90.40(4) . 2_566 ?  
C2 I3 I3 12.9(3) . 2_566 ?  
C2 I3 I3 8.98(18) 2_566 2_566 ?  
S2 I3 I3 156.27(5) 2_765 2_566 ?  
I4 I3 I3 45.99(3) . 2_566 ?  
I4 I3 I3 44.40(2) 2_566 2_566 ?  
C2 I4 C2 21.0(4) . 2_566 ?  
C2 I4 S2 168.5(3) . 2_665 ?  
C2 I4 S2 160.50(18) 2_566 2_665 ?  
C2 I4 I3 33.2(3) . . ?  
C2 I4 I3 54.12(18) 2_566 . ?  
S2 I4 I3 140.22(5) 2_665 . ?  
C2 I4 I3 56.5(3) . 2_566 ?  
C2 I4 I3 35.49(18) 2_566 2_566 ?  
S2 I4 I3 127.98(6) 2_665 2_566 ?  
I3 I4 I3 89.60(4) . 2_566 ?  
C2 I4 P2 146.0(3) . 2_665 ?  
C2 I4 P2 166.66(19) 2_566 2_665 ?  
S2 I4 P2 29.80(6) 2_665 2_665 ?  
I3 I4 P2 112.84(5) . 2_665 ?  
I3 I4 P2 157.43(4) 2_566 2_665 ?  
C2 I4 I4 12.5(3) . 2_566 ?  
C2 I4 I4 8.55(18) 2_566 2_566 ?  
S2 I4 I4 166.81(6) 2_665 2_566 ?  
I3 I4 I4 45.59(2) . 2_566 ?  
I3 I4 I4 44.02(3) 2_566 2_566 ?  
P2 I4 I4 158.33(4) 2_665 2_566 ?  
C6 P1 C3 103.6(4) . . ?  
C6 P1 C12 107.6(4) . . ?  
C3 P1 C12 108.9(4) . . ?  
C6 P1 S1 112.8(3) . . ?  
C3 P1 S1 111.9(3) . . ?  
C12 P1 S1 111.6(3) . . ?  
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C6 P1 I1 97.7(3) . . ?  
C3 P1 I1 67.2(3) . . ?  
C12 P1 I1 154.5(3) . . ?  
S1 P1 I1 52.93(9) . . ?  
C24 P2 C18 107.4(4) . . ?  
C24 P2 C5 104.2(4) . . ?  
C18 P2 C5 105.8(4) . . ?  
C24 P2 S2 113.7(4) . . ?  
C18 P2 S2 112.3(3) . . ?  
C5 P2 S2 112.8(3) . . ?  
C24 P2 I4 90.7(3) . 2_665 ?  
C18 P2 I4 161.6(3) . 2_665 ?  
C5 P2 I4 71.6(3) . 2_665 ?  
S2 P2 I4 55.34(10) . 2_665 ?  
P1 S1 C12 32.64(17) . . ?  
P1 S1 C6 31.87(18) . . ?  
C12 S1 C6 55.4(2) . . ?  
P1 S1 C3 32.53(16) . . ?  
C12 S1 C3 56.3(2) . . ?  
C6 S1 C3 53.8(2) . . ?  
P1 S1 I2 136.35(12) . 1_545 ?  
C12 S1 I2 108.85(17) . 1_545 ?  
C6 S1 I2 124.11(16) . 1_545 ?  
C3 S1 I2 164.43(19) . 1_545 ?  
P1 S1 I1 98.70(11) . . ?  
C12 S1 I1 128.06(17) . . ?  
C6 S1 I1 93.30(16) . . ?  
C3 S1 I1 71.81(17) . . ?  
I2 S1 I1 123.05(8) 1_545 . ?  
P2 S2 C18 32.40(17) . . ?  
P2 S2 C24 31.7(2) . . ?  
C18 S2 C24 55.3(2) . . ?  
P2 S2 C5 32.35(17) . . ?  
C18 S2 C5 55.1(2) . . ?  
C24 S2 C5 54.2(2) . . ?  
P2 S2 I4 94.86(12) . 2_665 ?  
C18 S2 I4 125.88(17) . 2_665 ?  
C24 S2 I4 85.53(19) . 2_665 ?  
C5 S2 I4 72.24(18) . 2_665 ?  
P2 S2 I3 138.06(13) . 2_765 ?  
C18 S2 I3 116.28(16) . 2_765 ?  
C24 S2 I3 118.38(18) . 2_765 ?  
C5 S2 I3 170.35(17) . 2_765 ?  
I4 S2 I3 114.90(9) 2_665 2_765 ?  
379 
 
C7 C6 C11 119.0(8) . . ?  
C7 C6 P1 122.8(7) . . ?  
C11 C6 P1 118.1(7) . . ?  
C7 C6 S1 152.8(6) . . ?  
C11 C6 S1 86.0(5) . . ?  
P1 C6 S1 35.3(2) . . ?  
C5 C4 C3 109.9(6) . . ?  
C4 C3 P1 114.9(6) . . ?  
C4 C3 S1 88.9(5) . . ?  
P1 C3 S1 35.61(19) . . ?  
C4 C5 P2 112.4(6) . . ?  
C4 C5 S2 84.1(5) . . ?  
P2 C5 S2 34.85(19) . . ?  
C2 C2 I4 124.3(10) 2_566 . ?  
C2 C2 I3 121.7(10) 2_566 . ?  
I4 C2 I3 113.7(4) . . ?  
C2 C2 I3 36.4(7) 2_566 2_566 ?  
I4 C2 I3 88.1(3) . 2_566 ?  
I3 C2 I3 158.1(4) . 2_566 ?  
C2 C2 I4 34.7(7) 2_566 2_566 ?  
I4 C2 I4 159.0(4) . 2_566 ?  
I3 C2 I4 87.2(3) . 2_566 ?  
I3 C2 I4 70.9(2) 2_566 2_566 ?  
C1 C1 I1 124.3(9) 2_875 . ?  
C1 C1 I2 122.4(9) 2_875 . ?  
I1 C1 I2 113.2(4) . . ?  
C1 C1 I2 36.0(6) 2_875 2_875 ?  
I1 C1 I2 88.4(3) . 2_875 ?  
I2 C1 I2 158.4(4) . 2_875 ?  
C1 C1 I1 34.7(6) 2_875 2_875 ?  
I1 C1 I1 159.0(4) . 2_875 ?  
I2 C1 I1 87.8(3) . 2_875 ?  
I2 C1 I1 70.61(19) 2_875 2_875 ?  
C17 C12 C13 118.5(9) . . ?  
C17 C12 P1 121.6(7) . . ?  
C13 C12 P1 119.8(7) . . ?  
C17 C12 S1 138.7(6) . . ?  
C13 C12 S1 93.3(6) . . ?  
P1 C12 S1 35.72(19) . . ?  
C23 C18 C19 119.3(9) . . ?  
C23 C18 P2 121.0(7) . . ?  
C19 C18 P2 119.7(7) . . ?  
C23 C18 S2 154.5(6) . . ?  
C19 C18 S2 85.1(6) . . ?  
380 
 
P2 C18 S2 35.3(2) . . ?  
C14 C13 C12 121.9(10) . . ?  
C20 C19 C18 118.4(9) . . ?  
C22 C23 C18 120.5(9) . . ?  
C21 C20 C19 122.0(10) . . ?  
C12 C17 C16 118.6(9) . . ?  
C6 C7 C8 119.2(10) . . ?  
C11 C10 C9 118.7(10) . . ?  
C23 C22 C21 120.6(10) . . ?  
C9 C8 C7 121.6(10) . . ?  
C10 C11 C6 121.3(9) . . ?  
C20 C21 C22 119.2(10) . . ?  
C24 C25 C26 120.7(11) . . ?  
C8 C9 C10 120.3(9) . . ?  
C25 C24 C29 118.5(10) . . ?  
C25 C24 P2 122.7(8) . . ?  
C29 C24 P2 118.8(8) . . ?  
C25 C24 S2 152.5(7) . . ?  
C29 C24 S2 86.4(7) . . ?  
P2 C24 S2 34.6(2) . . ?  
C13 C14 C15 119.8(10) . . ?  
C15 C16 C17 121.9(11) . . ?  
C16 C15 C14 119.0(11) . . ?  
C28 C27 C26 122.2(12) . . ?  
C27 C26 C25 118.7(12) . . ?  
C28 C29 C24 120.4(13) . . ?  
C27 C28 C29 119.4(15) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
S1 P1 P2 S2 85.79(15) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.963  
_diffrn_reflns_theta_full              26.37  
_diffrn_measured_fraction_theta_full   0.963  
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_refine_diff_density_max    1.551  
_refine_diff_density_min   -1.370  
















































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,3-bis(diphenylphoshino)propane-diselenide 
tetraiodoethylene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C30 H26 I6 P2 Se2'  
_chemical_formula_weight          1367.83  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Se'  'Se'  -0.0929   2.2259  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    9.2978(19)  
_cell_length_b                    9.5125(19)  
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_cell_length_c                    22.109(4)  
_cell_angle_alpha                 80.38(3)  
_cell_angle_beta                  82.72(3)  
_cell_angle_gamma                 78.39(3)  
_cell_volume                      1879.7(7)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used           212 
_cell_measurement_theta_min             2.6835 
_cell_measurement_theta_max             26.0212  
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.33  
_exptl_crystal_size_mid           0.26  
_exptl_crystal_size_min           0.24  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.947  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1020  
_exptl_absorpt_coefficient_mu     5.353  
_exptl_absorpt_correction_type          'Multi-scan' 
_exptl_absorpt_correction_T_max         1.0000 
_exptl_absorpt_correction_T_min         0.6807 




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             7657  
_diffrn_reflns_av_R_equivalents   0.0218  
_diffrn_reflns_av_sigmaI/netI     0.0721  
_diffrn_reflns_limit_h_min        -9  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -8  
385 
 
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -25  
_diffrn_reflns_limit_l_max        26  
_diffrn_reflns_theta_min          2.82  
_diffrn_reflns_theta_max          26.00  
_reflns_number_total              5626  
_reflns_number_gt                 4210  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1655P)^2^+28.1899P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          5626  
_refine_ls_number_parameters      360  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0949  
_refine_ls_R_factor_gt            0.0788  
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_refine_ls_wR_factor_ref          0.2555  
_refine_ls_wR_factor_gt           0.2382  
_refine_ls_goodness_of_fit_ref    1.029  
_refine_ls_restrained_S_all       1.029  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.13189(10) 0.79349(11) 0.44240(5) 0.0265(3) Uani 1 1 d . . .  
I2 I 0.17220(10) 1.15627(11) 0.43709(5) 0.0283(3) Uani 1 1 d . . .  
Se1 Se 0.25433(14) 0.49208(16) 0.37393(7) 0.0224(4) Uani 1 1 d . . .  
Se2 Se -0.03834(18) 0.95512(19) 0.16106(9) 0.0352(5) Uani 1 1 d . . .  
P1 P 0.4254(3) 0.5782(4) 0.31510(17) 0.0173(7) Uani 1 1 d . . .  
P2 P 0.0048(4) 1.0653(4) 0.23078(18) 0.0213(8) Uani 1 1 d . . .  
I3 I 0.66217(13) 0.96680(15) 0.08712(5) 0.0436(4) Uani 1 1 d . . .  
I4 I 0.28627(13) 0.95819(16) 0.08164(5) 0.0449(4) Uani 1 1 d . . .  
C15 C -0.1319(14) 1.0561(15) 0.2982(7) 0.019(3) Uani 1 1 d . . .  
C1 C 0.0558(16) 0.9896(17) 0.4786(7) 0.025(3) Uani 1 1 d . . .  
C9 C 0.5921(15) 0.5598(16) 0.3525(7) 0.020(3) Uani 1 1 d . . .  
C21 C 0.0034(16) 1.2548(17) 0.2059(7) 0.025(3) Uani 1 1 d . . .  
C20 C -0.1513(15) 1.1552(17) 0.3382(7) 0.024(3) Uani 1 1 d . . .  
H20A H -0.0926 1.2258 0.3315 0.029 Uiso 1 1 calc R . .  
C28 C 0.2228(15) 0.8249(16) 0.2687(7) 0.019(3) Uani 1 1 d . . .  
H28A H 0.1494 0.7877 0.2989 0.023 Uiso 1 1 calc R . .  
H28B H 0.2204 0.7881 0.2305 0.023 Uiso 1 1 calc R . .  
C12 C 0.8404(16) 0.550(2) 0.4096(9) 0.035(4) Uani 1 1 d . . .  
H12A H 0.9249 0.5434 0.4291 0.042 Uiso 1 1 calc R . .  
C27 C 0.1868(15) 0.9940(16) 0.2578(7) 0.023(3) Uani 1 1 d . . .  
H27A H 0.2611 1.0300 0.2276 0.027 Uiso 1 1 calc R . .  
H27B H 0.1914 1.0296 0.2960 0.027 Uiso 1 1 calc R . .  
C3 C 0.4717(15) 0.4916(18) 0.2458(8) 0.028(4) Uani 1 1 d . . .  
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C23 C -0.1112(18) 1.479(2) 0.1499(8) 0.036(4) Uani 1 1 d . . .  
H23A H -0.1846 1.5289 0.1254 0.043 Uiso 1 1 calc R . .  
C26 C 0.1008(18) 1.327(2) 0.2260(9) 0.036(4) Uani 1 1 d . . .  
H26A H 0.1711 1.2764 0.2520 0.043 Uiso 1 1 calc R . .  
C4 C 0.4990(16) 0.340(2) 0.2539(9) 0.034(4) Uani 1 1 d . . .  
H4A H 0.4972 0.2853 0.2928 0.041 Uiso 1 1 calc R . .  
C2 C 0.4902(18) 0.979(2) 0.0307(9) 0.041(4) Uani 1 1 d . . .  
C11 C 0.7025(18) 0.563(2) 0.4451(8) 0.034(4) Uani 1 1 d . . .  
H11A H 0.6948 0.5693 0.4870 0.041 Uiso 1 1 calc R . .  
C14 C 0.7257(15) 0.5506(18) 0.3193(7) 0.026(3) Uani 1 1 d . . .  
H14A H 0.7339 0.5470 0.2772 0.031 Uiso 1 1 calc R . .  
C13 C 0.8539(15) 0.5463(19) 0.3496(8) 0.030(4) Uani 1 1 d . . .  
H13A H 0.9461 0.5411 0.3273 0.036 Uiso 1 1 calc R . .  
C8 C 0.4736(18) 0.573(2) 0.1876(7) 0.031(4) Uani 1 1 d . . .  
H8A H 0.4575 0.6733 0.1841 0.037 Uiso 1 1 calc R . .  
C10 C 0.5802(16) 0.5658(18) 0.4158(7) 0.027(3) Uani 1 1 d . . .  
H10A H 0.4882 0.5718 0.4383 0.032 Uiso 1 1 calc R . .  
C22 C -0.1000(15) 1.3340(17) 0.1675(7) 0.024(3) Uani 1 1 d . . .  
H22A H -0.1641 1.2862 0.1533 0.029 Uiso 1 1 calc R . .  
C6 C 0.528(2) 0.350(3) 0.1425(10) 0.047(5) Uani 1 1 d . . .  
H6A H 0.5456 0.2995 0.1089 0.056 Uiso 1 1 calc R . .  
C7 C 0.4990(18) 0.507(3) 0.1336(9) 0.044(5) Uani 1 1 d . . .  
H7A H 0.5824 0.5407 0.1085 0.053 Uiso 1 1 calc R . .  
H7B H 0.4136 0.5416 0.1105 0.053 Uiso 1 1 calc R . .  
C19 C -0.2558(18) 1.153(2) 0.3882(7) 0.031(4) Uani 1 1 d . . .  
H19A H -0.2703 1.2239 0.4136 0.037 Uiso 1 1 calc R . .  
C5 C 0.529(2) 0.276(2) 0.2011(9) 0.044(5) Uani 1 1 d . . .  
H5A H 0.5511 0.1757 0.2057 0.053 Uiso 1 1 calc R . .  
C16 C -0.2130(19) 0.949(2) 0.3087(9) 0.039(4) Uani 1 1 d . . .  
H16A H -0.1986 0.8804 0.2819 0.047 Uiso 1 1 calc R . .  
C24 C -0.010(2) 1.555(2) 0.1689(8) 0.038(4) Uani 1 1 d . . .  
H24A H -0.0142 1.6543 0.1560 0.046 Uiso 1 1 calc R . .  
C18 C -0.3378(19) 1.046(2) 0.4005(10) 0.045(5) Uani 1 1 d . . .  
H18A H -0.4061 1.0423 0.4350 0.054 Uiso 1 1 calc R . .  
C17 C -0.318(2) 0.941(2) 0.3597(9) 0.046(5) Uani 1 1 d . . .  
H17A H -0.3740 0.8683 0.3670 0.055 Uiso 1 1 calc R . .  
C25 C 0.0928(19) 1.476(2) 0.2071(10) 0.042(5) Uani 1 1 d . . .  
H25A H 0.1588 1.5231 0.2206 0.050 Uiso 1 1 calc R . .  
C29 C 0.3740(15) 0.7743(15) 0.2914(7) 0.019(3) Uani 1 1 d . . .  
H29A H 0.3785 0.8230 0.3261 0.023 Uiso 1 1 calc R . .  
H29B H 0.4466 0.8043 0.2588 0.023 Uiso 1 1 calc R . .  
I5 I -0.0809(3) 1.2635(2) -0.00070(10) 0.0890(7) Uani 1 1 d . . .  
I6 I -0.2476(2) 1.6329(3) -0.02964(11) 0.0866(7) Uani 1 1 d . . .  
C30 C -0.049(4) 1.585(5) -0.0058(19) 0.042(9) Uiso 0.50 1 d P . .  
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C30A C -0.042(4) 1.482(4) -0.0057(17) 0.035(8) Uiso 0.50 1 d P . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0275(5) 0.0223(5) 0.0291(6) -0.0079(5) 0.0053(4) -0.0048(4)  
I2 0.0275(5) 0.0261(6) 0.0317(6) -0.0050(5) 0.0059(4) -0.0104(4)  
Se1 0.0167(6) 0.0246(8) 0.0267(8) -0.0042(7) 0.0002(5) -0.0064(5)  
Se2 0.0347(9) 0.0328(9) 0.0429(10) -0.0136(9) -0.0168(7) -0.0029(7)  
P1 0.0129(15) 0.0192(18) 0.0196(19) -0.0037(16) -0.0023(12) -0.0015(13)  
P2 0.0187(16) 0.0184(18) 0.027(2) -0.0033(17) -0.0067(14) -0.0015(14)  
I3 0.0388(6) 0.0592(9) 0.0314(7) -0.0150(6) -0.0118(5) 0.0060(6)  
I4 0.0406(6) 0.0627(9) 0.0305(7) -0.0113(6) -0.0083(5) -0.0004(6)  
C15 0.015(6) 0.010(6) 0.026(8) 0.007(7) -0.006(5) 0.002(5)  
C1 0.027(7) 0.024(8) 0.025(8) 0.001(7) 0.000(6) -0.013(6)  
C9 0.018(6) 0.019(7) 0.023(8) 0.001(7) -0.011(5) 0.000(5)  
C21 0.025(7) 0.019(8) 0.026(8) 0.002(7) 0.003(6) -0.002(6)  
C20 0.023(7) 0.021(8) 0.027(8) 0.004(7) 0.002(6) -0.010(6)  
C28 0.022(6) 0.016(7) 0.019(7) 0.004(6) -0.004(5) -0.004(5)  
C12 0.015(7) 0.043(10) 0.050(11) -0.006(9) -0.017(7) -0.007(7)  
C27 0.025(7) 0.020(7) 0.024(8) -0.001(7) -0.008(6) -0.005(6)  
C3 0.019(7) 0.033(9) 0.035(9) -0.024(8) -0.008(6) 0.005(6)  
C23 0.031(8) 0.041(11) 0.031(9) 0.001(9) 0.000(7) -0.003(7)  
C26 0.029(8) 0.039(10) 0.048(11) -0.009(9) -0.015(7) -0.016(7)  
C4 0.019(7) 0.043(10) 0.045(10) -0.011(9) -0.006(7) -0.013(7)  
C2 0.027(8) 0.056(12) 0.041(9) -0.020(10) -0.013(7) 0.007(8)  
C11 0.031(8) 0.049(11) 0.023(8) 0.003(8) -0.018(7) -0.008(7)  
C14 0.021(7) 0.034(9) 0.022(8) -0.002(7) -0.005(6) -0.006(6)  
C13 0.012(6) 0.038(9) 0.045(10) -0.010(8) -0.007(6) -0.011(6)  
C8 0.040(9) 0.042(10) 0.013(8) -0.014(8) -0.001(6) -0.002(7)  
C10 0.024(7) 0.037(9) 0.022(8) -0.003(8) -0.002(6) -0.013(6)  
C22 0.021(7) 0.026(8) 0.023(8) -0.003(7) -0.010(6) 0.003(6)  
C6 0.044(10) 0.058(13) 0.044(12) -0.024(11) -0.005(8) -0.010(9)  
C7 0.020(7) 0.073(14) 0.042(11) -0.024(11) -0.002(7) -0.003(8)  
C19 0.035(8) 0.039(10) 0.019(8) -0.004(8) -0.005(6) -0.004(7)  
C5 0.048(10) 0.041(11) 0.046(12) -0.023(11) -0.002(8) -0.002(9)  
C16 0.035(9) 0.038(10) 0.053(11) -0.011(10) -0.009(8) -0.019(8)  
C24 0.053(10) 0.031(10) 0.029(9) -0.009(9) 0.011(8) -0.008(8)  
C18 0.030(8) 0.052(12) 0.046(11) 0.025(10) -0.004(8) -0.017(8)  
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C17 0.052(11) 0.048(12) 0.040(11) 0.011(10) -0.004(8) -0.031(9)  
C25 0.031(8) 0.034(10) 0.065(13) -0.006(10) -0.006(8) -0.018(7)  
C29 0.021(6) 0.013(7) 0.022(8) 0.007(6) -0.003(5) -0.008(5)  
I5 0.1212(17) 0.0725(13) 0.0837(14) -0.0138(11) -0.0036(12) -0.0443(12)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.109(15) . ?  
I1 C1 3.055(15) 2_576 ?  
I1 Se1 3.392(2) . ?  
I1 I2 3.5267(16) . ?  
I1 I2 3.6463(18) 2_576 ?  
I2 C1 2.116(16) . ?  
I2 C1 3.035(16) 2_576 ?  
I2 Se1 3.458(2) 1_565 ?  
I2 I1 3.6463(18) 2_576 ?  
Se1 P1 2.130(4) . ?  
Se1 C3 3.266(17) . ?  
Se1 I2 3.458(2) 1_545 ?  
Se2 P2 2.122(4) . ?  
Se2 I4 3.297(3) . ?  
Se2 I3 3.377(2) 1_455 ?  
Se2 I5 4.235(3) . ?  
Se2 I5 4.320(3) 2_575 ?  
P1 C9 1.812(13) . ?  
P1 C3 1.824(15) . ?  
P1 C29 1.833(14) . ?  
P2 C21 1.793(16) . ?  
P2 C27 1.827(14) . ?  
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P2 C15 1.835(15) . ?  
I3 C2 2.124(16) . ?  
I3 C2 3.041(17) 2_675 ?  
I3 Se2 3.377(2) 1_655 ?  
I3 I4 3.5302(19) . ?  
I3 I4 3.6680(19) 2_675 ?  
I3 I5 4.141(3) 1_655 ?  
I3 I6 4.310(3) 1_645 ?  
I3 I5 4.437(3) 2_675 ?  
I4 C2 2.11(2) . ?  
I4 C2 3.09(2) 2_675 ?  
I4 I3 3.6680(19) 2_675 ?  
I4 I6 3.825(3) 2_585 ?  
I4 I5 3.879(3) 2_575 ?  
I4 I5 4.384(3) . ?  
C15 C16 1.36(2) . ?  
C15 C20 1.37(2) . ?  
C1 C1 1.32(3) 2_576 ?  
C1 I2 3.035(16) 2_576 ?  
C1 I1 3.055(15) 2_576 ?  
C9 C14 1.36(2) . ?  
C9 C10 1.40(2) . ?  
C21 C22 1.38(2) . ?  
C21 C26 1.40(2) . ?  
C20 C19 1.38(2) . ?  
C28 C29 1.511(18) . ?  
C28 C27 1.56(2) . ?  
C12 C13 1.32(3) . ?  
C12 C11 1.41(3) . ?  
C3 C8 1.38(3) . ?  
C3 C4 1.40(3) . ?  
C23 C22 1.35(3) . ?  
C23 C24 1.44(3) . ?  
C26 C25 1.40(3) . ?  
C4 C5 1.37(3) . ?  
C2 C2 1.35(4) 2_675 ?  
C2 I3 3.041(17) 2_675 ?  
C2 I4 3.09(2) 2_675 ?  
C11 C10 1.37(2) . ?  
C14 C13 1.431(19) . ?  
C8 C7 1.41(2) . ?  
C6 C5 1.36(3) . ?  
C6 C7 1.45(3) . ?  
C19 C18 1.36(3) . ?  
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C16 C17 1.40(3) . ?  
C24 C25 1.38(3) . ?  
C18 C17 1.43(3) . ?  
I5 C30 2.09(4) 2_585 ?  
I5 C30A 2.16(4) . ?  
I5 C30A 2.91(4) 2_585 ?  
I5 C30 3.11(4) . ?  
I5 I6 3.531(3) . ?  
I5 I6 3.564(3) 2_585 ?  
I5 I4 3.879(3) 2_575 ?  
I5 I3 4.141(3) 1_455 ?  
I5 Se2 4.320(3) 2_575 ?  
I5 I3 4.437(3) 2_675 ?  
I6 C30 1.93(4) . ?  
I6 C30A 2.21(3) . ?  
I6 C30A 2.85(3) 2_585 ?  
I6 C30 3.20(4) 2_585 ?  
I6 I5 3.564(3) 2_585 ?  
I6 I4 3.825(3) 2_585 ?  
I6 I3 4.310(3) 1_465 ?  
C30 C30A 0.97(5) . ?  
C30 C30A 0.99(5) 2_585 ?  
C30 C30 1.68(8) 2_585 ?  
C30 I5 2.09(4) 2_585 ?  
C30 I6 3.20(4) 2_585 ?  
C30A C30 0.99(5) 2_585 ?  
C30A C30A 1.00(7) 2_585 ?  
C30A I6 2.85(3) 2_585 ?  
C30A I5 2.91(4) 2_585 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 C1 20.9(7) . 2_576 ?  
C1 I1 Se1 175.9(4) . . ?  
C1 I1 Se1 161.7(3) 2_576 . ?  
C1 I1 I2 33.5(4) . . ?  
C1 I1 I2 54.4(3) 2_576 . ?  
Se1 I1 I2 143.53(5) . . ?  
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C1 I1 I2 56.3(4) . 2_576 ?  
C1 I1 I2 35.4(3) 2_576 2_576 ?  
Se1 I1 I2 126.47(5) . 2_576 ?  
I2 I1 I2 89.80(4) . 2_576 ?  
C1 I2 C1 21.5(7) . 2_576 ?  
C1 I2 Se1 162.3(4) . 1_565 ?  
C1 I2 Se1 142.8(3) 2_576 1_565 ?  
C1 I2 I1 33.4(4) . . ?  
C1 I2 I1 54.9(3) 2_576 . ?  
Se1 I2 I1 157.90(4) 1_565 . ?  
C1 I2 I1 56.8(4) . 2_576 ?  
C1 I2 I1 35.3(3) 2_576 2_576 ?  
Se1 I2 I1 108.63(5) 1_565 2_576 ?  
I1 I2 I1 90.20(4) . 2_576 ?  
P1 Se1 C3 31.4(3) . . ?  
P1 Se1 I1 94.95(11) . . ?  
C3 Se1 I1 122.8(3) . . ?  
P1 Se1 I2 138.35(11) . 1_545 ?  
C3 Se1 I2 114.3(3) . 1_545 ?  
I1 Se1 I2 122.89(5) . 1_545 ?  
P2 Se2 I4 95.14(12) . . ?  
P2 Se2 I3 134.07(12) . 1_455 ?  
I4 Se2 I3 119.75(6) . 1_455 ?  
P2 Se2 I5 106.65(13) . . ?  
I4 Se2 I5 69.92(6) . . ?  
I3 Se2 I5 64.77(6) 1_455 . ?  
P2 Se2 I5 154.23(13) . 2_575 ?  
I4 Se2 I5 59.43(5) . 2_575 ?  
I3 Se2 I5 69.16(5) 1_455 2_575 ?  
I5 Se2 I5 70.39(6) . 2_575 ?  
C9 P1 C3 108.6(6) . . ?  
C9 P1 C29 103.6(6) . . ?  
C3 P1 C29 108.1(8) . . ?  
C9 P1 Se1 113.0(5) . . ?  
C3 P1 Se1 111.1(6) . . ?  
C29 P1 Se1 112.0(5) . . ?  
C21 P2 C27 104.7(7) . . ?  
C21 P2 C15 105.5(7) . . ?  
C27 P2 C15 107.6(7) . . ?  
C21 P2 Se2 113.5(5) . . ?  
C27 P2 Se2 112.5(5) . . ?  
C15 P2 Se2 112.5(5) . . ?  
C2 I3 C2 22.4(10) . 2_675 ?  
C2 I3 Se2 173.1(6) . 1_655 ?  
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C2 I3 Se2 150.8(4) 2_675 1_655 ?  
C2 I3 I4 33.3(6) . . ?  
C2 I3 I4 55.5(4) 2_675 . ?  
Se2 I3 I4 153.56(6) 1_655 . ?  
C2 I3 I4 57.2(6) . 2_675 ?  
C2 I3 I4 35.1(4) 2_675 2_675 ?  
Se2 I3 I4 115.88(6) 1_655 2_675 ?  
I4 I3 I4 90.49(5) . 2_675 ?  
C2 I3 I5 106.7(6) . 1_655 ?  
C2 I3 I5 86.7(4) 2_675 1_655 ?  
Se2 I3 I5 67.69(6) 1_655 1_655 ?  
I4 I3 I5 130.93(6) . 1_655 ?  
I4 I3 I5 59.19(5) 2_675 1_655 ?  
C2 I3 I6 67.1(5) . 1_645 ?  
C2 I3 I6 61.6(4) 2_675 1_645 ?  
Se2 I3 I6 109.62(5) 1_655 1_645 ?  
I4 I3 I6 85.89(5) . 1_645 ?  
I4 I3 I6 56.61(5) 2_675 1_645 ?  
I5 I3 I6 103.52(6) 1_655 1_645 ?  
C2 I3 I5 109.3(5) . 2_675 ?  
C2 I3 I5 93.4(3) 2_675 2_675 ?  
Se2 I3 I5 65.50(5) 1_655 2_675 ?  
I4 I3 I5 133.90(5) . 2_675 ?  
I4 I3 I5 64.68(5) 2_675 2_675 ?  
I5 I3 I5 70.09(6) 1_655 2_675 ?  
I6 I3 I5 48.06(5) 1_645 2_675 ?  
C2 I4 C2 20.9(7) . 2_675 ?  
C2 I4 Se2 175.2(6) . . ?  
C2 I4 Se2 157.8(3) 2_675 . ?  
C2 I4 I3 33.6(5) . . ?  
C2 I4 I3 54.2(3) 2_675 . ?  
Se2 I4 I3 146.05(5) . . ?  
C2 I4 I3 56.0(5) . 2_675 ?  
C2 I4 I3 35.3(3) 2_675 2_675 ?  
Se2 I4 I3 123.62(5) . 2_675 ?  
I3 I4 I3 89.51(5) . 2_675 ?  
C2 I4 I6 76.6(6) . 2_585 ?  
C2 I4 I6 69.7(4) 2_675 2_585 ?  
Se2 I4 I6 98.67(6) . 2_585 ?  
I3 I4 I6 84.89(6) . 2_585 ?  
I3 I4 I6 70.19(6) 2_675 2_585 ?  
C2 I4 I5 109.5(5) . 2_575 ?  
C2 I4 I5 95.1(3) 2_675 2_575 ?  
Se2 I4 I5 73.53(6) . 2_575 ?  
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I3 I4 I5 133.74(6) . 2_575 ?  
I3 I4 I5 66.50(5) 2_675 2_575 ?  
I6 I4 I5 119.04(6) 2_585 2_575 ?  
C2 I4 I5 111.8(5) . . ?  
C2 I4 I5 93.5(3) 2_675 . ?  
Se2 I4 I5 65.14(5) . . ?  
I3 I4 I5 134.00(6) . . ?  
I3 I4 I5 66.19(5) 2_675 . ?  
I6 I4 I5 50.91(5) 2_585 . ?  
I5 I4 I5 73.00(6) 2_575 . ?  
C16 C15 C20 120.0(15) . . ?  
C16 C15 P2 119.5(13) . . ?  
C20 C15 P2 120.5(11) . . ?  
C1 C1 I1 124.4(16) 2_576 . ?  
C1 C1 I2 122.4(16) 2_576 . ?  
I1 C1 I2 113.2(7) . . ?  
C1 C1 I2 36.1(11) 2_576 2_576 ?  
I1 C1 I2 88.4(5) . 2_576 ?  
I2 C1 I2 158.5(7) . 2_576 ?  
C1 C1 I1 34.7(11) 2_576 2_576 ?  
I1 C1 I1 159.1(7) . 2_576 ?  
I2 C1 I1 87.7(5) . 2_576 ?  
I2 C1 I1 70.8(3) 2_576 2_576 ?  
C14 C9 C10 120.1(12) . . ?  
C14 C9 P1 120.8(11) . . ?  
C10 C9 P1 119.0(11) . . ?  
C22 C21 C26 118.4(16) . . ?  
C22 C21 P2 119.7(12) . . ?  
C26 C21 P2 121.8(13) . . ?  
C15 C20 C19 121.5(15) . . ?  
C29 C28 C27 109.5(11) . . ?  
C13 C12 C11 122.5(13) . . ?  
C28 C27 P2 112.6(9) . . ?  
C8 C3 C4 121.5(15) . . ?  
C8 C3 P1 121.3(13) . . ?  
C4 C3 P1 117.1(14) . . ?  
C8 C3 Se1 136.7(10) . . ?  
C4 C3 Se1 90.8(11) . . ?  
P1 C3 Se1 37.5(4) . . ?  
C22 C23 C24 120.5(16) . . ?  
C21 C26 C25 120.0(16) . . ?  
C5 C4 C3 116.4(18) . . ?  
C2 C2 I4 125.3(16) 2_675 . ?  
C2 C2 I3 120.7(19) 2_675 . ?  
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I4 C2 I3 113.1(9) . . ?  
C2 C2 I3 36.9(12) 2_675 2_675 ?  
I4 C2 I3 89.0(5) . 2_675 ?  
I3 C2 I3 157.6(10) . 2_675 ?  
C2 C2 I4 33.9(12) 2_675 2_675 ?  
I4 C2 I4 159.1(7) . 2_675 ?  
I3 C2 I4 87.4(6) . 2_675 ?  
I3 C2 I4 70.3(4) 2_675 2_675 ?  
C10 C11 C12 117.6(15) . . ?  
C9 C14 C13 119.4(14) . . ?  
C12 C13 C14 119.5(14) . . ?  
C3 C8 C7 122.0(18) . . ?  
C11 C10 C9 120.9(14) . . ?  
C23 C22 C21 122.3(15) . . ?  
C5 C6 C7 118.9(17) . . ?  
C8 C7 C6 116.0(19) . . ?  
C18 C19 C20 120.2(17) . . ?  
C6 C5 C4 125(2) . . ?  
C15 C16 C17 120.0(17) . . ?  
C25 C24 C23 117.1(18) . . ?  
C19 C18 C17 119.1(18) . . ?  
C16 C17 C18 119.2(17) . . ?  
C24 C25 C26 121.8(16) . . ?  
C28 C29 P1 115.3(9) . . ?  
C30 I5 C30A 26.9(13) 2_585 . ?  
C30 I5 C30A 12.1(13) 2_585 2_585 ?  
C30A I5 C30A 15.1(15) . 2_585 ?  
C30 I5 C30 30.5(16) 2_585 . ?  
C30A I5 C30 4.0(12) . . ?  
C30A I5 C30 18.6(9) 2_585 . ?  
C30 I5 I6 63.4(10) 2_585 . ?  
C30A I5 I6 36.6(9) . . ?  
C30A I5 I6 51.5(7) 2_585 . ?  
C30 I5 I6 33.0(7) . . ?  
C30 I5 I6 26.4(10) 2_585 2_585 ?  
C30A I5 I6 53.2(9) . 2_585 ?  
C30A I5 I6 38.2(7) 2_585 2_585 ?  
C30 I5 I6 56.8(7) . 2_585 ?  
I6 I5 I6 89.73(7) . 2_585 ?  
C30 I5 I4 156.9(11) 2_585 2_575 ?  
C30A I5 I4 140.3(9) . 2_575 ?  
C30A I5 I4 152.8(7) 2_585 2_575 ?  
C30 I5 I4 138.3(7) . 2_575 ?  
I6 I5 I4 108.37(8) . 2_575 ?  
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I6 I5 I4 151.70(9) 2_585 2_575 ?  
C30 I5 I3 148.7(11) 2_585 1_455 ?  
C30A I5 I3 144.5(10) . 1_455 ?  
C30A I5 I3 147.4(7) 2_585 1_455 ?  
C30 I5 I3 141.1(7) . 1_455 ?  
I6 I5 I3 118.65(8) . 1_455 ?  
I6 I5 I3 134.98(8) 2_585 1_455 ?  
I4 I5 I3 54.31(4) 2_575 1_455 ?  
C30 I5 Se2 106.3(11) 2_585 . ?  
C30A I5 Se2 122.7(9) . . ?  
C30A I5 Se2 112.5(7) 2_585 . ?  
C30 I5 Se2 123.0(7) . . ?  
I6 I5 Se2 133.72(8) . . ?  
I6 I5 Se2 87.46(7) 2_585 . ?  
I4 I5 Se2 94.70(6) 2_575 . ?  
I3 I5 Se2 47.54(4) 1_455 . ?  
C30 I5 Se2 114.7(11) 2_585 2_575 ?  
C30A I5 Se2 119.4(10) . 2_575 ?  
C30A I5 Se2 119.5(7) 2_585 2_575 ?  
C30 I5 Se2 121.3(7) . 2_575 ?  
I6 I5 Se2 115.55(8) . 2_575 ?  
I6 I5 Se2 105.81(8) 2_585 2_575 ?  
I4 I5 Se2 47.04(4) 2_575 2_575 ?  
I3 I5 Se2 93.04(5) 1_455 2_575 ?  
Se2 I5 Se2 109.61(6) . 2_575 ?  
C30 I5 I4 82.5(11) 2_585 . ?  
C30A I5 I4 109.0(9) . . ?  
C30A I5 I4 93.9(7) 2_585 . ?  
C30 I5 I4 112.2(7) . . ?  
I6 I5 I4 144.47(7) . . ?  
I6 I5 I4 56.40(6) 2_585 . ?  
I4 I5 I4 107.00(6) 2_575 . ?  
I3 I5 I4 85.19(5) 1_455 . ?  
Se2 I5 I4 44.94(4) . . ?  
Se2 I5 I4 86.65(6) 2_575 . ?  
C30 I5 I3 83.0(11) 2_585 2_675 ?  
C30A I5 I3 103.5(9) . 2_675 ?  
C30A I5 I3 93.3(7) 2_585 2_675 ?  
C30 I5 I3 107.4(7) . 2_675 ?  
I6 I5 I3 129.20(8) . 2_675 ?  
I6 I5 I3 64.10(6) 2_585 2_675 ?  
I4 I5 I3 87.66(5) 2_575 2_675 ?  
I3 I5 I3 109.91(6) 1_455 2_675 ?  
Se2 I5 I3 90.13(6) . 2_675 ?  
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Se2 I5 I3 45.34(4) 2_575 2_675 ?  
I4 I5 I3 49.14(4) . 2_675 ?  
C30 I6 C30A 25.9(15) . . ?  
C30 I6 C30A 8.5(16) . 2_585 ?  
C30A I6 C30A 17.4(17) . 2_585 ?  
C30 I6 C30 26(2) . 2_585 ?  
C30A I6 C30 0.4(12) . 2_585 ?  
C30A I6 C30 17.2(10) 2_585 2_585 ?  
C30 I6 I5 61.4(13) . . ?  
C30A I6 I5 35.6(10) . . ?  
C30A I6 I5 53.0(8) 2_585 . ?  
C30 I6 I5 35.8(8) 2_585 . ?  
C30 I6 I5 28.9(13) . 2_585 ?  
C30A I6 I5 54.6(10) . 2_585 ?  
C30A I6 I5 37.3(8) 2_585 2_585 ?  
C30 I6 I5 54.4(8) 2_585 2_585 ?  
I5 I6 I5 90.27(7) . 2_585 ?  
C30 I6 I4 101.2(13) . 2_585 ?  
C30A I6 I4 126.0(10) . 2_585 ?  
C30A I6 I4 109.5(8) 2_585 2_585 ?  
C30 I6 I4 125.9(8) 2_585 2_585 ?  
I5 I6 I4 159.59(8) . 2_585 ?  
I5 I6 I4 72.69(7) 2_585 2_585 ?  
C30 I6 I3 88.3(12) . 1_465 ?  
C30A I6 I3 109.0(9) . 1_465 ?  
C30A I6 I3 95.0(7) 2_585 1_465 ?  
C30 I6 I3 108.7(7) 2_585 1_465 ?  
I5 I6 I3 130.89(7) . 1_465 ?  
I5 I6 I3 67.84(6) 2_585 1_465 ?  
I4 I6 I3 53.20(4) 2_585 1_465 ?  
C30A C30 C30A 61(4) . 2_585 ?  
C30A C30 C30 31(2) . 2_585 ?  
C30A C30 C30 30(3) 2_585 2_585 ?  
C30A C30 I6 94(3) . . ?  
C30A C30 I6 155(4) 2_585 . ?  
C30 C30 I6 125(4) 2_585 . ?  
C30A C30 I5 141(4) . 2_585 ?  
C30A C30 I5 80(3) 2_585 2_585 ?  
C30 C30 I5 110(3) 2_585 2_585 ?  
I6 C30 I5 125(2) . 2_585 ?  
C30A C30 I5 9(3) . . ?  
C30A C30 I5 69(3) 2_585 . ?  
C30 C30 I5 39(2) 2_585 . ?  
I6 C30 I5 85.6(14) . . ?  
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I5 C30 I5 149.5(16) 2_585 . ?  
C30A C30 I6 61(3) . 2_585 ?  
C30A C30 I6 1(3) 2_585 2_585 ?  
C30 C30 I6 30(2) 2_585 2_585 ?  
I6 C30 I6 154.3(19) . 2_585 ?  
I5 C30 I6 80.8(11) 2_585 2_585 ?  
I5 C30 I6 68.8(8) . 2_585 ?  
C30 C30A C30 119(4) . 2_585 ?  
C30 C30A C30A 61(4) . 2_585 ?  
C30 C30A C30A 58(4) 2_585 2_585 ?  
C30 C30A I5 167(4) . . ?  
C30 C30A I5 73(4) 2_585 . ?  
C30A C30A I5 131(5) 2_585 . ?  
C30 C30A I6 61(3) . . ?  
C30 C30A I6 179(4) 2_585 . ?  
C30A C30A I6 121(5) 2_585 . ?  
I5 C30A I6 107.8(14) . . ?  
C30 C30A I6 102(3) . 2_585 ?  
C30 C30A I6 17(3) 2_585 2_585 ?  
C30A C30A I6 42(4) 2_585 2_585 ?  
I5 C30A I6 89.5(12) . 2_585 ?  
I6 C30A I6 162.6(17) . 2_585 ?  
C30 C30A I5 27(3) . 2_585 ?  
C30 C30A I5 92(3) 2_585 2_585 ?  
C30A C30A I5 34(4) 2_585 2_585 ?  
I5 C30A I5 164.9(15) . 2_585 ?  
I6 C30A I5 87.1(13) . 2_585 ?  
I6 C30A I5 75.5(8) 2_585 2_585 ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
Se1 P1 P2 Se2 -88.47(16) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.760  
_diffrn_reflns_theta_full              26.00  
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_diffrn_measured_fraction_theta_full   0.760  
_refine_diff_density_max    2.954  
_refine_diff_density_min   -3.938  















































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,4-bis(diphenylphosphino)butane-disulfide 1,4-
difluoro-2,3,5,6-tetraiodoethylene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C34 H28 F4 I2 P2 S2'  
_chemical_formula_weight          892.46  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
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 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    9.0086(18)  
_cell_length_b                    10.0481(20)  
_cell_length_c                    20.218(4)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  91.7(2)  
_cell_angle_gamma                 90.00  
_cell_volume                      1829.2(6)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     120  
_cell_measurement_theta_min       3.6382  
_cell_measurement_theta_max       26.3714  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.26  
_exptl_crystal_size_mid           0.17  
_exptl_crystal_size_min           0.17  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.038  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1064  
_exptl_absorpt_coefficient_mu     3.644  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.5983  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
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_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             8242  
_diffrn_reflns_av_R_equivalents   0.0584  
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_diffrn_reflns_av_sigmaI/netI     0.0832  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -12  
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        24  
_diffrn_reflns_theta_min          3.64  
_diffrn_reflns_theta_max          26.40  
_reflns_number_total              3464  
_reflns_number_gt                 2740  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0001P)^2^+350.2494P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3464  
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_refine_ls_number_parameters      199  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.1388  
_refine_ls_R_factor_gt            0.1237  
_refine_ls_wR_factor_ref          0.3296  
_refine_ls_wR_factor_gt           0.3236  
_refine_ls_goodness_of_fit_ref    1.029  
_refine_ls_restrained_S_all       1.029  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.9129(2) 0.03874(19) 0.16565(9) 0.0362(5) Uani 1 1 d . . .  
I2 I 0.65740(18) -0.12947(17) 0.04541(9) 0.0328(5) Uani 1 1 d . . .  
P1 P 1.2032(6) 0.0998(6) 0.4011(3) 0.0165(11) Uani 1 1 d . . .  
S1 S 1.1863(6) 0.2835(6) 0.4332(3) 0.0255(12) Uani 1 1 d . . .  
F1 F 1.1808(17) 0.1318(16) 0.0871(8) 0.039(4) Uani 1 1 d . . .  
C17 C 1.456(2) 0.048(2) 0.4757(10) 0.019(4) Uani 1 1 d . . .  
H17A H 1.4460 0.1344 0.4963 0.023 Uiso 1 1 calc R . .  
H17B H 1.5119 0.0595 0.4358 0.023 Uiso 1 1 calc R . .  
C10 C 1.024(2) 0.023(2) 0.3825(10) 0.020(4) Uani 1 1 d . . .  
C2 C 0.864(3) -0.053(2) 0.0221(12) 0.024(5) Uani 1 1 d . . .  
C5 C 1.374(3) 0.203(2) 0.2988(13) 0.029(5) Uani 1 1 d . . .  
H5A H 1.3664 0.2841 0.3202 0.035 Uiso 1 1 calc R . .  
C16 C 1.299(2) -0.008(2) 0.4572(10) 0.019(4) Uani 1 1 d . . .  
H16A H 1.2429 -0.0184 0.4970 0.023 Uiso 1 1 calc R . .  
H16B H 1.3093 -0.0956 0.4371 0.023 Uiso 1 1 calc R . .  
C3 C 1.089(3) 0.070(2) 0.0449(14) 0.029(5) Uani 1 1 d . . .  
C9 C 1.309(3) -0.027(3) 0.2874(12) 0.030(5) Uani 1 1 d . . .  
H9A H 1.2565 -0.1016 0.3015 0.035 Uiso 1 1 calc R . .  
C4 C 1.303(2) 0.088(2) 0.3242(10) 0.017(4) Uani 1 1 d . . .  
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C14 C 0.786(3) 0.031(3) 0.3298(11) 0.032(6) Uani 1 1 d . . .  
H14A H 0.7178 0.0790 0.3038 0.038 Uiso 1 1 calc R . .  
C1 C 0.960(3) 0.011(3) 0.0643(12) 0.028(5) Uani 1 1 d . . .  
C13 C 0.745(2) -0.083(3) 0.3513(13) 0.033(6) Uani 1 1 d . . .  
H13A H 0.6512 -0.1166 0.3403 0.040 Uiso 1 1 calc R . .  
C15 C 0.923(3) 0.089(3) 0.3417(14) 0.032(6) Uani 1 1 d . . .  
H15A H 0.9463 0.1707 0.3229 0.038 Uiso 1 1 calc R . .  
C12 C 0.848(3) -0.156(3) 0.3932(12) 0.034(6) Uani 1 1 d . . .  
H12A H 0.8239 -0.2389 0.4100 0.041 Uiso 1 1 calc R . .  
C6 C 1.453(3) 0.192(3) 0.2428(13) 0.036(6) Uani 1 1 d . . .  
H6A H 1.5062 0.2650 0.2282 0.043 Uiso 1 1 calc R . .  
C11 C 0.986(2) -0.096(3) 0.4077(12) 0.027(5) Uani 1 1 d . . .  
H11A H 1.0537 -0.1407 0.4355 0.032 Uiso 1 1 calc R . .  
C7 C 1.457(3) 0.075(3) 0.2074(13) 0.035(6) Uani 1 1 d . . .  
H7A H 1.5056 0.0715 0.1676 0.042 Uiso 1 1 calc R . .  
C8 C 1.387(3) -0.036(4) 0.2319(15) 0.052(9) Uani 1 1 d . . .  
H8A H 1.3932 -0.1175 0.2099 0.062 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0391(9) 0.0430(10) 0.0266(9) -0.0005(7) 0.0045(7) 0.0066(8)  
I2 0.0289(8) 0.0320(9) 0.0377(10) -0.0001(7) 0.0075(7) -0.0038(7)  
P1 0.013(2) 0.021(3) 0.015(3) -0.001(2) -0.0013(19) 0.002(2)  
S1 0.028(3) 0.022(3) 0.027(3) -0.001(2) 0.003(2) 0.001(2)  
F1 0.040(8) 0.044(9) 0.034(9) -0.002(7) 0.001(7) -0.003(7)  
C17 0.024(10) 0.021(11) 0.012(10) -0.007(9) -0.001(8) -0.005(9)  
C10 0.021(10) 0.026(11) 0.013(10) -0.007(9) 0.002(8) 0.009(9)  
C2 0.034(12) 0.015(10) 0.024(12) 0.002(9) 0.008(9) 0.002(9)  
C5 0.036(13) 0.019(11) 0.032(14) 0.009(10) 0.005(11) 0.006(10)  
C16 0.031(11) 0.016(10) 0.011(10) 0.008(8) 0.001(8) 0.001(8)  
C3 0.022(11) 0.030(12) 0.037(14) -0.007(11) -0.006(10) -0.004(9)  
C9 0.022(11) 0.044(15) 0.023(12) -0.013(11) 0.006(9) 0.010(10)  
C4 0.013(9) 0.027(11) 0.011(10) 0.003(8) -0.006(7) 0.005(8)  
C14 0.030(12) 0.052(16) 0.013(11) -0.001(11) -0.015(9) -0.003(12)  
C1 0.035(12) 0.034(13) 0.017(11) 0.011(10) 0.008(9) 0.001(10)  
C13 0.011(10) 0.060(18) 0.029(13) -0.013(12) 0.009(9) -0.009(10)  
C15 0.019(11) 0.030(13) 0.045(16) -0.009(12) -0.004(10) 0.004(9)  
C12 0.039(14) 0.045(15) 0.017(12) 0.003(11) -0.001(10) -0.019(12)  
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C6 0.041(14) 0.043(15) 0.024(13) -0.004(12) 0.001(11) 0.015(12)  
C11 0.023(11) 0.036(13) 0.021(11) -0.012(10) -0.004(9) -0.007(10)  
C7 0.024(12) 0.054(17) 0.028(13) 0.013(12) -0.005(10) 0.001(11)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.12(2) . ?  
I1 C3 2.97(3) . ?  
I1 C2 3.07(2) . ?  
I1 F1 3.075(15) . ?  
I1 C14 3.54(2) . ?  
I1 C15 3.59(3) . ?  
I1 I2 3.705(3) . ?  
I1 S1 4.904(6) 2_745 ?  
I2 C2 2.08(2) . ?  
I2 C3 3.03(3) 3_755 ?  
I2 C1 3.08(3) . ?  
I2 F1 3.088(15) 3_755 ?  
I2 S1 3.259(6) 2_645 ?  
I2 C15 3.72(3) 2_645 ?  
I2 S1 4.164(6) 4_565 ?  
I2 I2 4.227(4) 3_655 ?  
P1 C16 1.78(2) . ?  
P1 C10 1.82(2) . ?  
P1 C4 1.83(2) . ?  
P1 S1 1.964(8) . ?  
S1 C16 3.14(2) . ?  
S1 C10 3.16(2) . ?  
S1 C4 3.16(2) . ?  
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S1 I2 3.259(6) 2_655 ?  
S1 I2 4.164(6) 4_666 ?  
S1 I1 4.904(6) 2_755 ?  
F1 C3 1.32(3) . ?  
F1 I2 3.088(15) 3_755 ?  
C17 C16 1.56(3) . ?  
C17 C17 1.57(4) 3_856 ?  
C10 C11 1.35(3) . ?  
C10 C15 1.38(3) . ?  
C2 C1 1.36(4) . ?  
C2 C3 1.44(3) 3_755 ?  
C5 C6 1.36(4) . ?  
C5 C4 1.42(3) . ?  
C3 C1 1.37(3) . ?  
C3 C2 1.44(3) 3_755 ?  
C3 I2 3.03(3) 3_755 ?  
C9 C8 1.35(3) . ?  
C9 C4 1.37(3) . ?  
C14 C13 1.28(4) . ?  
C14 C15 1.37(3) . ?  
C13 C12 1.44(4) . ?  
C15 I2 3.72(3) 2_655 ?  
C12 C11 1.40(3) . ?  
C6 C7 1.37(4) . ?  
C7 C8 1.39(4) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 C3 24.9(8) . . ?  
C1 I1 C2 22.2(8) . . ?  
C3 I1 C2 47.0(6) . . ?  
C1 I1 F1 50.1(8) . . ?  
C3 I1 F1 25.2(5) . . ?  
C2 I1 F1 72.3(5) . . ?  
C1 I1 C14 168.7(8) . . ?  
C3 I1 C14 165.5(6) . . ?  
C2 I1 C14 147.1(6) . . ?  
F1 I1 C14 140.4(5) . . ?  
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C1 I1 C15 167.0(8) . . ?  
C3 I1 C15 143.3(6) . . ?  
C2 I1 C15 168.2(6) . . ?  
F1 I1 C15 118.2(5) . . ?  
C14 I1 C15 22.2(5) . . ?  
C1 I1 I2 56.3(7) . . ?  
C3 I1 I2 81.1(5) . . ?  
C2 I1 I2 34.1(4) . . ?  
F1 I1 I2 106.4(3) . . ?  
C14 I1 I2 113.2(4) . . ?  
C15 I1 I2 135.3(4) . . ?  
C1 I1 S1 50.6(7) . 2_745 ?  
C3 I1 S1 45.7(5) . 2_745 ?  
C2 I1 S1 62.8(4) . 2_745 ?  
F1 I1 S1 49.4(3) . 2_745 ?  
C14 I1 S1 129.3(4) . 2_745 ?  
C15 I1 S1 118.8(4) . 2_745 ?  
I2 I1 S1 86.81(8) . 2_745 ?  
C2 I2 C3 24.9(8) . 3_755 ?  
C2 I2 C1 20.9(8) . . ?  
C3 I2 C1 45.9(7) 3_755 . ?  
C2 I2 F1 49.9(7) . 3_755 ?  
C3 I2 F1 25.0(6) 3_755 3_755 ?  
C1 I2 F1 70.9(5) . 3_755 ?  
C2 I2 S1 171.6(7) . 2_645 ?  
C3 I2 S1 150.5(5) 3_755 2_645 ?  
C1 I2 S1 161.2(5) . 2_645 ?  
F1 I2 S1 126.1(3) 3_755 2_645 ?  
C2 I2 I1 55.9(7) . . ?  
C3 I2 I1 80.8(5) 3_755 . ?  
C1 I2 I1 35.0(4) . . ?  
F1 I2 I1 105.8(3) 3_755 . ?  
S1 I2 I1 127.53(12) 2_645 . ?  
C2 I2 C15 127.6(7) . 2_645 ?  
C3 I2 C15 133.2(6) 3_755 2_645 ?  
C1 I2 C15 117.3(6) . 2_645 ?  
F1 I2 C15 129.2(5) 3_755 2_645 ?  
S1 I2 C15 60.8(4) 2_645 2_645 ?  
I1 I2 C15 94.2(4) . 2_645 ?  
C2 I2 S1 59.9(6) . 4_565 ?  
C3 I2 S1 56.3(5) 3_755 4_565 ?  
C1 I2 S1 67.4(4) . 4_565 ?  
F1 I2 S1 59.7(3) 3_755 4_565 ?  
S1 I2 S1 111.84(11) 2_645 4_565 ?  
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I1 I2 S1 85.91(10) . 4_565 ?  
C15 I2 S1 170.4(4) 2_645 4_565 ?  
C2 I2 I2 105.6(6) . 3_655 ?  
C3 I2 I2 97.2(5) 3_755 3_655 ?  
C1 I2 I2 110.6(5) . 3_655 ?  
F1 I2 I2 87.5(3) 3_755 3_655 ?  
S1 I2 I2 66.13(11) 2_645 3_655 ?  
I1 I2 I2 113.54(7) . 3_655 ?  
C15 I2 I2 126.5(4) 2_645 3_655 ?  
S1 I2 I2 45.71(9) 4_565 3_655 ?  
C16 P1 C10 106.5(10) . . ?  
C16 P1 C4 105.0(10) . . ?  
C10 P1 C4 104.7(10) . . ?  
C16 P1 S1 113.9(8) . . ?  
C10 P1 S1 113.0(7) . . ?  
C4 P1 S1 113.0(8) . . ?  
P1 S1 C16 31.2(4) . . ?  
P1 S1 C10 32.1(4) . . ?  
C16 S1 C10 54.5(6) . . ?  
P1 S1 C4 32.1(4) . . ?  
C16 S1 C4 54.0(6) . . ?  
C10 S1 C4 54.4(5) . . ?  
P1 S1 I2 112.3(3) . 2_655 ?  
C16 S1 I2 122.4(4) . 2_655 ?  
C10 S1 I2 80.4(4) . 2_655 ?  
C4 S1 I2 126.8(4) . 2_655 ?  
P1 S1 I2 166.3(3) . 4_666 ?  
C16 S1 I2 136.2(4) . 4_666 ?  
C10 S1 I2 146.5(4) . 4_666 ?  
C4 S1 I2 158.1(4) . 4_666 ?  
I2 S1 I2 68.16(11) 2_655 4_666 ?  
P1 S1 I1 106.9(2) . 2_755 ?  
C16 S1 I1 108.2(4) . 2_755 ?  
C10 S1 I1 129.9(4) . 2_755 ?  
C4 S1 I1 77.1(4) . 2_755 ?  
I2 S1 I1 128.90(16) 2_655 2_755 ?  
I2 S1 I1 81.05(10) 4_666 2_755 ?  
C3 F1 I1 72.9(13) . . ?  
C3 F1 I2 74.9(13) . 3_755 ?  
I1 F1 I2 147.6(6) . 3_755 ?  
C16 C17 C17 111(2) . 3_856 ?  
C11 C10 C15 119(2) . . ?  
C11 C10 P1 122.2(18) . . ?  
C15 C10 P1 118.9(18) . . ?  
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C11 C10 S1 137.3(16) . . ?  
C15 C10 S1 94.8(15) . . ?  
P1 C10 S1 34.9(5) . . ?  
C1 C2 C3 116(2) . 3_755 ?  
C1 C2 I2 126.1(17) . . ?  
C3 C2 I2 117.6(18) 3_755 . ?  
C1 C2 I1 36.1(11) . . ?  
C3 C2 I1 152.4(17) 3_755 . ?  
I2 C2 I1 90.0(8) . . ?  
C6 C5 C4 119(2) . . ?  
C17 C16 P1 110.6(14) . . ?  
C17 C16 S1 89.1(12) . . ?  
P1 C16 S1 34.9(5) . . ?  
F1 C3 C1 122(2) . . ?  
F1 C3 C2 118(2) . 3_755 ?  
C1 C3 C2 120(2) . 3_755 ?  
F1 C3 I1 81.8(14) . . ?  
C1 C3 I1 40.6(13) . . ?  
C2 C3 I1 160.2(17) 3_755 . ?  
F1 C3 I2 80.1(13) . 3_755 ?  
C1 C3 I2 156.8(19) . 3_755 ?  
C2 C3 I2 37.5(12) 3_755 3_755 ?  
I1 C3 I2 161.6(9) . 3_755 ?  
C8 C9 C4 122(3) . . ?  
C9 C4 C5 118(2) . . ?  
C9 C4 P1 122.9(18) . . ?  
C5 C4 P1 119.3(17) . . ?  
C9 C4 S1 156.6(16) . . ?  
C5 C4 S1 84.7(14) . . ?  
P1 C4 S1 34.9(5) . . ?  
C13 C14 C15 126(3) . . ?  
C13 C14 I1 116.2(17) . . ?  
C15 C14 I1 81.0(16) . . ?  
C2 C1 C3 124(2) . . ?  
C2 C1 I1 121.7(17) . . ?  
C3 C1 I1 114.5(19) . . ?  
C2 C1 I2 33.0(11) . . ?  
C3 C1 I2 156.2(18) . . ?  
I1 C1 I2 88.7(7) . . ?  
C14 C13 C12 118(2) . . ?  
C14 C15 C10 118(3) . . ?  
C14 C15 I1 76.8(15) . . ?  
C10 C15 I1 121.2(15) . . ?  
C14 C15 I2 103.9(16) . 2_655 ?  
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C10 C15 I2 97.9(15) . 2_655 ?  
I1 C15 I2 135.7(8) . 2_655 ?  
C11 C12 C13 117(2) . . ?  
C5 C6 C7 122(3) . . ?  
C10 C11 C12 122(2) . . ?  
C6 C7 C8 119(2) . . ?  
C9 C8 C7 120(3) . . ?  
  
_diffrn_measured_fraction_theta_max    0.922  
_diffrn_reflns_theta_full              26.40  
_diffrn_measured_fraction_theta_full   0.922  
_refine_diff_density_max    2.833  
_refine_diff_density_min   -1.552  



































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,4-bis(diphenylphosphino)butane-diselenide 
tetraiodoethylene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C30 H28 I4 P2 Se2'  
_chemical_formula_weight          1116.01  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Se'  'Se'  -0.0929   2.2259  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'C2/c'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y, -z+1/2'  
 'x+1/2, y+1/2, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y, z-1/2'  
 '-x+1/2, -y+1/2, -z'  
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 'x+1/2, -y+1/2, z-1/2'  
  
_cell_length_a                    12.633(3)  
_cell_length_b                    11.559(2)  
_cell_length_c                    25.586(4)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  99.85(3)  
_cell_angle_gamma                 90.00  
_cell_volume                      3681.0(13)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     4991  
_cell_measurement_theta_min       2.7676  
_cell_measurement_theta_max       25.8565  
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'yellow'  
_exptl_crystal_size_max           0.18  
_exptl_crystal_size_mid           0.15  
_exptl_crystal_size_min           0.12  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.014  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              2072  
_exptl_absorpt_coefficient_mu     5.468  
_exptl_absorpt_correction_type    ?  
_exptl_absorpt_correction_T_min   1.0000  
_exptl_absorpt_correction_T_max   0.7478  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
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_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             11629  
_diffrn_reflns_av_R_equivalents   0.0359  
415 
 
_diffrn_reflns_av_sigmaI/netI     0.0396  
_diffrn_reflns_limit_h_min        -15  
_diffrn_reflns_limit_h_max        14  
_diffrn_reflns_limit_k_min        -14  
_diffrn_reflns_limit_k_max        13  
_diffrn_reflns_limit_l_min        -29  
_diffrn_reflns_limit_l_max        25  
_diffrn_reflns_theta_min          2.45  
_diffrn_reflns_theta_max          25.92  
_reflns_number_total              3150  
_reflns_number_gt                 2782  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0001P)^2^+26.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3150  
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_refine_ls_number_parameters      181  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0333  
_refine_ls_R_factor_gt            0.0283  
_refine_ls_wR_factor_ref          0.0587  
_refine_ls_wR_factor_gt           0.0560  
_refine_ls_goodness_of_fit_ref    1.017  
_refine_ls_restrained_S_all       1.017  
_refine_ls_shift/su_max           0.002  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.18473(2) 0.07445(2) 0.440863(11) 0.03166(10) Uani 1 1 d . . .  
I2 I 0.11401(2) 0.19929(3) 0.562114(11) 0.03157(10) Uani 1 1 d . . .  
Se1 Se 0.05740(3) -0.13190(4) 0.348629(16) 0.02490(12) Uani 1 1 d . . .  
P1 P 0.15346(8) -0.28390(8) 0.35988(4) 0.0176(2) Uani 1 1 d . . .  
C3 C 0.0762(3) -0.4156(3) 0.36082(15) 0.0198(8) Uani 1 1 d . . .  
C15 C 0.2530(3) -0.2779(4) 0.42304(15) 0.0218(8) Uani 1 1 d . . .  
H15A H 0.2946 -0.3488 0.4260 0.026 Uiso 1 1 calc R . .  
H15B H 0.3022 -0.2146 0.4204 0.026 Uiso 1 1 calc R . .  
C14 C 0.3018(3) -0.4003(3) 0.30736(16) 0.0234(9) Uani 1 1 d . . .  
H14A H 0.3091 -0.4518 0.3357 0.028 Uiso 1 1 calc R . .  
C13 C 0.3625(3) -0.4154(4) 0.26621(18) 0.0301(10) Uani 1 1 d . . .  
H13A H 0.4102 -0.4771 0.2680 0.036 Uiso 1 1 calc R . .  
C9 C 0.2304(3) -0.3063(3) 0.30479(15) 0.0198(8) Uani 1 1 d . . .  
C10 C 0.2215(3) -0.2303(4) 0.26048(15) 0.0251(9) Uani 1 1 d . . .  
H10A H 0.1740 -0.1684 0.2582 0.030 Uiso 1 1 calc R . .  
C16 C 0.2063(3) -0.2619(3) 0.47550(15) 0.0207(8) Uani 1 1 d . . .  
H16A H 0.1558 -0.1980 0.4710 0.025 Uiso 1 1 calc R . .  
H16B H 0.1671 -0.3312 0.4819 0.025 Uiso 1 1 calc R . .  
C4 C 0.1126(3) -0.5090(4) 0.39273(18) 0.0322(10) Uani 1 1 d . . .  
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H4A H 0.1752 -0.5031 0.4177 0.039 Uiso 1 1 calc R . .  
C11 C 0.2833(4) -0.2469(4) 0.21979(17) 0.0322(10) Uani 1 1 d . . .  
H11A H 0.2770 -0.1955 0.1915 0.039 Uiso 1 1 calc R . .  
C5 C 0.0550(4) -0.6110(4) 0.3871(2) 0.0399(12) Uani 1 1 d . . .  
H5A H 0.0793 -0.6742 0.4083 0.048 Uiso 1 1 calc R . .  
C12 C 0.3524(4) -0.3390(4) 0.22234(17) 0.0314(10) Uani 1 1 d . . .  
H12A H 0.3924 -0.3513 0.1955 0.038 Uiso 1 1 calc R . .  
C6 C -0.0382(4) -0.6205(4) 0.3503(2) 0.0389(11) Uani 1 1 d . . .  
H6A H -0.0755 -0.6901 0.3465 0.047 Uiso 1 1 calc R . .  
C1 C 0.2123(6) 0.2066(7) 0.5008(4) 0.0150(14) Uani 0.60 1 d P . .  
C7 C -0.0764(4) -0.5263(4) 0.3189(3) 0.0568(16) Uani 1 1 d . . .  
H7A H -0.1394 -0.5325 0.2942 0.068 Uiso 1 1 calc R . .  
C8 C -0.0203(4) -0.4235(4) 0.3246(2) 0.0475(14) Uani 1 1 d . . .  
H8A H -0.0464 -0.3594 0.3044 0.057 Uiso 1 1 calc R . .  
C2 C 0.237(2) 0.269(3) 0.5203(7) 0.055(4) Uani 0.40 1 d P . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.03929(17) 0.02505(17) 0.02971(17) -0.00667(12) 0.00326(12) -0.00022(12)  
I2 0.02624(15) 0.04024(19) 0.02901(17) -0.00211(12) 0.00690(12) 0.00025(12)  
Se1 0.0288(2) 0.0209(2) 0.0248(2) -0.00040(17) 0.00415(17) 0.00272(16)  
P1 0.0184(5) 0.0188(5) 0.0151(5) -0.0008(4) 0.0015(4) -0.0022(4)  
C3 0.0178(18) 0.021(2) 0.022(2) 0.0019(16) 0.0063(16) -0.0013(15)  
C15 0.0193(19) 0.025(2) 0.021(2) -0.0029(17) 0.0012(16) -0.0052(16)  
C14 0.027(2) 0.019(2) 0.024(2) 0.0003(17) 0.0054(17) -0.0014(17)  
C13 0.028(2) 0.026(2) 0.037(3) -0.006(2) 0.0095(19) -0.0001(18)  
C9 0.0176(18) 0.023(2) 0.0176(19) -0.0072(16) 0.0010(15) -0.0066(16)  
C10 0.026(2) 0.029(2) 0.020(2) 0.0017(17) 0.0006(17) 0.0024(17)  
C16 0.0197(19) 0.022(2) 0.019(2) 0.0017(16) -0.0003(16) -0.0057(16)  
C4 0.031(2) 0.026(2) 0.034(3) 0.0035(19) -0.0102(19) -0.0070(19)  
C11 0.039(2) 0.037(3) 0.021(2) 0.0079(19) 0.0064(19) 0.001(2)  
C5 0.044(3) 0.026(3) 0.045(3) 0.010(2) -0.005(2) -0.004(2)  
C12 0.035(2) 0.040(3) 0.022(2) -0.0061(19) 0.0121(19) 0.001(2)  
C6 0.036(2) 0.025(3) 0.056(3) -0.003(2) 0.010(2) -0.013(2)  
C1 0.018(4) 0.013(4) 0.014(4) -0.007(3) 0.004(4) -0.004(3)  
C7 0.038(3) 0.033(3) 0.086(4) 0.007(3) -0.028(3) -0.014(2)  
C8 0.036(3) 0.030(3) 0.064(3) 0.012(2) -0.026(2) -0.003(2)  






 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.150(11) . ?  
I1 C2 2.22(3) 7_556 ?  
I1 C2 3.03(3) . ?  
I1 C1 3.109(9) 7_556 ?  
I1 Se1 3.5421(9) . ?  
I1 I2 3.6573(7) 7_556 ?  
I1 I2 3.6679(8) . ?  
I2 C1 2.163(11) . ?  
I2 C2 2.18(3) . ?  
I2 C2 3.08(3) 7_556 ?  
I2 C1 3.130(10) 7_556 ?  
I2 Se1 3.4934(10) 5_556 ?  
I2 I1 3.6573(7) 7_556 ?  
Se1 P1 2.1266(11) . ?  
Se1 I2 3.4934(10) 5_556 ?  
P1 C3 1.811(4) . ?  
P1 C9 1.862(4) . ?  
P1 C15 1.871(4) . ?  
C3 C4 1.384(6) . ?  
C3 C8 1.402(6) . ?  
C15 C16 1.567(5) . ?  
C14 C9 1.407(6) . ?  
C14 C13 1.415(6) . ?  
C13 C12 1.417(6) . ?  
C9 C10 1.423(6) . ?  
C10 C11 1.417(6) . ?  
C16 C16 1.547(7) 7_546 ?  
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C4 C5 1.380(6) . ?  
C11 C12 1.372(6) . ?  
C5 C6 1.380(7) . ?  
C6 C7 1.390(7) . ?  
C1 C2 0.90(2) . ?  
C1 C2 0.95(2) 7_556 ?  
C1 C1 1.390(15) 7_556 ?  
C1 I1 3.109(9) 7_556 ?  
C1 I2 3.130(10) 7_556 ?  
C7 C8 1.378(7) . ?  
C2 C1 0.95(2) 7_556 ?  
C2 C2 1.23(4) 7_556 ?  
C2 I1 2.22(3) 7_556 ?  
C2 I2 3.08(3) 7_556 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 C2 25.1(5) . 7_556 ?  
C1 I1 C2 4.7(8) . . ?  
C2 I1 C2 20.5(12) 7_556 . ?  
C1 I1 C1 22.4(4) . 7_556 ?  
C2 I1 C1 2.7(8) 7_556 7_556 ?  
C2 I1 C1 17.8(4) . 7_556 ?  
C1 I1 Se1 162.4(2) . . ?  
C2 I1 Se1 165.1(5) 7_556 . ?  
C2 I1 Se1 165.8(4) . . ?  
C1 I1 Se1 166.73(16) 7_556 . ?  
C1 I1 I2 58.6(2) . 7_556 ?  
C2 I1 I2 33.5(6) 7_556 7_556 ?  
C2 I1 I2 53.9(6) . 7_556 ?  
C1 I1 I2 36.1(2) 7_556 7_556 ?  
Se1 I1 I2 134.887(17) . 7_556 ?  
C1 I1 I2 31.8(2) . . ?  
C2 I1 I2 56.9(6) 7_556 . ?  
C2 I1 I2 36.5(6) . . ?  
C1 I1 I2 54.3(2) 7_556 . ?  
Se1 I1 I2 132.833(16) . . ?  
I2 I1 I2 90.41(2) 7_556 . ?  
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C1 I2 C2 23.9(5) . . ?  
C1 I2 C2 5.5(8) . 7_556 ?  
C2 I2 C2 18.5(13) . 7_556 ?  
C1 I2 C1 22.1(4) . 7_556 ?  
C2 I2 C1 1.8(9) . 7_556 ?  
C2 I2 C1 16.6(4) 7_556 7_556 ?  
C1 I2 Se1 168.5(2) . 5_556 ?  
C2 I2 Se1 167.0(7) . 5_556 ?  
C2 I2 Se1 173.8(6) 7_556 5_556 ?  
C1 I2 Se1 168.8(2) 7_556 5_556 ?  
C1 I2 I1 58.0(2) . 7_556 ?  
C2 I2 I1 34.1(7) . 7_556 ?  
C2 I2 I1 52.5(6) 7_556 7_556 ?  
C1 I2 I1 35.9(2) 7_556 7_556 ?  
Se1 I2 I1 133.152(15) 5_556 7_556 ?  
C1 I2 I1 31.6(2) . . ?  
C2 I2 I1 55.5(7) . . ?  
C2 I2 I1 37.1(6) 7_556 . ?  
C1 I2 I1 53.7(2) 7_556 . ?  
Se1 I2 I1 137.152(18) 5_556 . ?  
I1 I2 I1 89.59(2) 7_556 . ?  
P1 Se1 I2 97.50(3) . 5_556 ?  
P1 Se1 I1 106.41(4) . . ?  
I2 Se1 I1 88.637(17) 5_556 . ?  
C3 P1 C9 104.22(17) . . ?  
C3 P1 C15 107.69(18) . . ?  
C9 P1 C15 107.32(17) . . ?  
C3 P1 Se1 113.59(13) . . ?  
C9 P1 Se1 111.84(13) . . ?  
C15 P1 Se1 111.71(14) . . ?  
C4 C3 C8 120.2(4) . . ?  
C4 C3 P1 122.6(3) . . ?  
C8 C3 P1 117.1(3) . . ?  
C16 C15 P1 116.6(2) . . ?  
C9 C14 C13 119.0(4) . . ?  
C14 C13 C12 121.7(4) . . ?  
C14 C9 C10 118.5(3) . . ?  
C14 C9 P1 119.1(3) . . ?  
C10 C9 P1 122.5(3) . . ?  
C11 C10 C9 121.6(4) . . ?  
C16 C16 C15 113.2(4) 7_546 . ?  
C5 C4 C3 119.3(4) . . ?  
C12 C11 C10 119.7(4) . . ?  
C4 C5 C6 120.8(4) . . ?  
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C11 C12 C13 119.5(4) . . ?  
C5 C6 C7 120.2(4) . . ?  
C2 C1 C2 83(2) . 7_556 ?  
C2 C1 C1 42.8(16) . 7_556 ?  
C2 C1 C1 40.0(15) 7_556 7_556 ?  
C2 C1 I1 164(2) . . ?  
C2 C1 I1 81(2) 7_556 . ?  
C1 C1 I1 121.4(12) 7_556 . ?  
C2 C1 I2 79(2) . . ?  
C2 C1 I2 162(2) 7_556 . ?  
C1 C1 I2 122.0(12) 7_556 . ?  
I1 C1 I2 116.5(3) . . ?  
C2 C1 I1 7(2) . 7_556 ?  
C2 C1 I1 76(2) 7_556 7_556 ?  
C1 C1 I1 36.2(8) 7_556 7_556 ?  
I1 C1 I1 157.6(4) . 7_556 ?  
I2 C1 I1 85.9(4) . 7_556 ?  
C2 C1 I2 79(2) . 7_556 ?  
C2 C1 I2 4(2) 7_556 7_556 ?  
C1 C1 I2 35.9(8) 7_556 7_556 ?  
I1 C1 I2 85.6(4) . 7_556 ?  
I2 C1 I2 157.9(4) . 7_556 ?  
I1 C1 I2 72.01(16) 7_556 7_556 ?  
C8 C7 C6 119.5(5) . . ?  
C7 C8 C3 119.9(4) . . ?  
C1 C2 C1 97(2) . 7_556 ?  
C1 C2 C2 50.4(18) . 7_556 ?  
C1 C2 C2 46.8(17) 7_556 7_556 ?  
C1 C2 I2 77(3) . . ?  
C1 C2 I2 174(3) 7_556 . ?  
C2 C2 I2 127(4) 7_556 . ?  
C1 C2 I1 171(3) . 7_556 ?  
C1 C2 I1 73(3) 7_556 7_556 ?  
C2 C2 I1 120(4) 7_556 7_556 ?  
I2 C2 I1 112.5(8) . 7_556 ?  
C1 C2 I1 11.2(17) . . ?  
C1 C2 I1 86.1(19) 7_556 . ?  
C2 C2 I1 39(3) 7_556 . ?  
I2 C2 I1 88.0(11) . . ?  
I1 C2 I1 159.5(12) 7_556 . ?  
C1 C2 I2 84.7(19) . 7_556 ?  
C1 C2 I2 12.5(17) 7_556 7_556 ?  
C2 C2 I2 34(3) 7_556 7_556 ?  
I2 C2 I2 161.5(13) . 7_556 ?  
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I1 C2 I2 86.0(10) 7_556 7_556 ?  
I1 C2 I2 73.6(4) . 7_556 ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C3 P1 C9 C14 -59.8(3) . . . . ?  
C9 P1 C3 C8 -82.4(4) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.873  
_diffrn_reflns_theta_full              25.92  
_diffrn_measured_fraction_theta_full   0.873  
_refine_diff_density_max    0.628  
_refine_diff_density_min   -0.681  


























_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,3-bis(diphenylphosphino)propane-disulfide 
diiodine'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C27 H26 I4 P2 S2'  
_chemical_formula_weight          984.14  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'C2'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y, -z'  
 'x+1/2, y+1/2, z'  
 '-x+1/2, y+1/2, -z'  
  
_cell_length_a                    15.983(3)  
_cell_length_b                    8.3147(17)  
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_cell_length_c                    12.109(2)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  101.00(3)  
_cell_angle_gamma                 90.00  
_cell_volume                      1579.7(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     2638  
_cell_measurement_theta_min       2.7703  
_cell_measurement_theta_max       25.1159  
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'red'  
_exptl_crystal_size_max           0.36  
_exptl_crystal_size_mid           0.12  
_exptl_crystal_size_min           0.12  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.069  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              924  
_exptl_absorpt_coefficient_mu     4.195  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.8824 
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998.  
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             5557  
_diffrn_reflns_av_R_equivalents   0.0148  
_diffrn_reflns_av_sigmaI/netI     0.0312  
_diffrn_reflns_limit_h_min        -17  
_diffrn_reflns_limit_h_max        18  
_diffrn_reflns_limit_k_min        -9  
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_diffrn_reflns_limit_k_max        9  
_diffrn_reflns_limit_l_min        -14  
_diffrn_reflns_limit_l_max        12  
_diffrn_reflns_theta_min          2.77  
_diffrn_reflns_theta_max          25.54  
_reflns_number_total              2411  
_reflns_number_gt                 2358  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0010P)^2^+5.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_abs_structure_details  
 'Flack H D (1983), Acta Cryst. A39, 876-881'  
_refine_ls_abs_structure_Flack    0.00(2)  
_refine_ls_number_reflns          2411  
_refine_ls_number_parameters      159  
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_refine_ls_number_restraints      1  
_refine_ls_R_factor_all           0.0208  
_refine_ls_R_factor_gt            0.0201  
_refine_ls_wR_factor_ref          0.0423  
_refine_ls_wR_factor_gt           0.0418  
_refine_ls_goodness_of_fit_ref    1.004  
_refine_ls_restrained_S_all       1.004  
_refine_ls_shift/su_max           0.005  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I -0.247214(17) 1.09190(3) 0.65033(2) 0.02381(9) Uani 1 1 d . . .  
I2 I -0.103074(18) 0.98443(3) 0.56881(3) 0.03233(10) Uani 1 1 d . . .  
S4 S -0.38562(7) 1.21712(13) 0.73587(10) 0.0238(2) Uani 1 1 d . . .  
P1 P -0.45735(7) 1.02095(13) 0.73464(9) 0.0170(2) Uani 1 1 d . . .  
C1 C -0.5620(2) 1.0782(6) 0.7568(3) 0.0181(8) Uani 1 1 d . . .  
C6 C -0.6360(3) 1.0196(6) 0.6912(4) 0.0244(10) Uani 1 1 d . . .  
H6A H -0.6331 0.9483 0.6329 0.029 Uiso 1 1 calc R . .  
C14 C -0.5000 1.0191(7) 0.5000 0.0204(13) Uani 1 2 d S . .  
H14A H -0.4533 1.0956 0.4823 0.024 Uiso 1 1 d . . .  
C7 C -0.4157(3) 0.8787(5) 0.8447(3) 0.0207(9) Uani 1 1 d . . .  
C5 C -0.7147(3) 1.0675(7) 0.7125(4) 0.0315(11) Uani 1 1 d . . .  
H5A H -0.7646 1.0282 0.6686 0.038 Uiso 1 1 calc R . .  
C13 C -0.4716(3) 0.9109(5) 0.6033(3) 0.0191(9) Uani 1 1 d . . .  
H13A H -0.4183 0.8590 0.5973 0.023 Uiso 1 1 calc R . .  
H13B H -0.5139 0.8275 0.6039 0.023 Uiso 1 1 calc R . .  
C8 C -0.3549(3) 0.9276(6) 0.9369(4) 0.0265(10) Uani 1 1 d . . .  
H8A H -0.3337 1.0320 0.9403 0.032 Uiso 1 1 calc R . .  
C2 C -0.5675(3) 1.1859(6) 0.8449(4) 0.0267(10) Uani 1 1 d . . .  
H2A H -0.5180 1.2261 0.8893 0.032 Uiso 1 1 calc R . .  
C3 C -0.6444(3) 1.2312(6) 0.8655(4) 0.0338(12) Uani 1 1 d . . .  
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H3A H -0.6476 1.3013 0.9244 0.041 Uiso 1 1 calc R . .  
C11 C -0.4158(3) 0.6156(7) 0.9261(4) 0.0383(12) Uani 1 1 d . . .  
H11A H -0.4352 0.5099 0.9219 0.046 Uiso 1 1 calc R . .  
C4 C -0.7185(3) 1.1732(6) 0.7989(5) 0.0342(12) Uani 1 1 d . . .  
H4A H -0.7712 1.2059 0.8126 0.041 Uiso 1 1 calc R . .  
C12 C -0.4464(3) 0.7222(6) 0.8402(4) 0.0309(11) Uani 1 1 d . . .  
H12A H -0.4875 0.6890 0.7794 0.037 Uiso 1 1 calc R . .  
C9 C -0.3262(3) 0.8204(6) 1.0234(4) 0.0354(13) Uani 1 1 d . . .  
H9A H -0.2862 0.8532 1.0855 0.043 Uiso 1 1 calc R . .  
C10 C -0.3569(3) 0.6653(6) 1.0176(4) 0.0335(12) Uani 1 1 d . . .  
H10A H -0.3377 0.5937 1.0760 0.040 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.02382(15) 0.02260(15) 0.02365(14) 0.00147(12) 0.00109(10) -0.00320(12)  
I2 0.02577(16) 0.03151(18) 0.03988(18) -0.00317(15) 0.00671(13) -0.00023(14)  
S4 0.0255(5) 0.0189(5) 0.0278(6) -0.0021(5) 0.0071(5) -0.0040(4)  
P1 0.0171(5) 0.0188(6) 0.0154(5) 0.0003(4) 0.0038(4) 0.0020(4)  
C1 0.0196(19) 0.018(2) 0.0155(18) 0.003(2) 0.0011(15) 0.0029(19)  
C6 0.022(2) 0.030(2) 0.022(2) 0.0016(19) 0.0055(18) 0.0023(19)  
C14 0.025(3) 0.022(3) 0.014(3) 0.000 0.002(2) 0.000  
C7 0.019(2) 0.023(2) 0.020(2) -0.0030(18) 0.0044(17) 0.0040(18)  
C5 0.021(2) 0.044(3) 0.028(2) 0.008(2) 0.0017(18) 0.000(2)  
C13 0.026(2) 0.014(2) 0.018(2) 0.0003(16) 0.0051(18) 0.0006(17)  
C8 0.033(2) 0.024(2) 0.021(2) -0.0040(18) 0.0015(19) 0.0050(19)  
C2 0.035(3) 0.020(2) 0.024(2) 0.0005(19) 0.002(2) 0.000(2)  
C3 0.052(3) 0.018(2) 0.038(3) -0.003(2) 0.026(2) 0.003(2)  
C11 0.053(3) 0.028(3) 0.032(3) 0.010(2) 0.001(2) -0.004(2)  
C4 0.027(2) 0.033(3) 0.047(3) 0.015(2) 0.019(2) 0.012(2)  
C12 0.023(2) 0.035(3) 0.029(3) 0.008(2) -0.007(2) -0.008(2)  
C9 0.041(3) 0.037(3) 0.022(3) -0.003(2) -0.011(2) 0.010(2)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
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 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 S4 2.8153(13) . ?  
I1 I2 2.8193(7) . ?  
I1 P1 3.7389(14) . ?  
I1 I2 4.5822(10) 4_456 ?  
I2 I2 3.9661(11) 2_556 ?  
I2 S4 4.2815(14) 4_446 ?  
I2 S4 4.2927(15) 3_545 ?  
I2 I1 4.5822(10) 4_446 ?  
S4 P1 1.9921(16) . ?  
S4 C1 3.101(4) . ?  
S4 C13 3.178(4) . ?  
S4 C7 3.182(5) . ?  
S4 I2 4.2815(14) 4_456 ?  
S4 I2 4.2927(15) 3_455 ?  
P1 C1 1.807(4) . ?  
P1 C13 1.811(4) . ?  
P1 C7 1.811(4) . ?  
C1 C6 1.381(6) . ?  
C1 C2 1.409(7) . ?  
C6 C5 1.390(7) . ?  
C14 C13 1.537(5) 2_456 ?  
C14 C13 1.537(5) . ?  
C7 C12 1.388(7) . ?  
C7 C8 1.393(6) . ?  
C5 C4 1.376(8) . ?  
C8 C9 1.386(7) . ?  
C2 C3 1.353(7) . ?  
C3 C4 1.386(7) . ?  
C11 C10 1.374(7) . ?  
C11 C12 1.383(7) . ?  





 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
S4 I1 I2 176.43(3) . . ?  
S4 I1 P1 31.57(3) . . ?  
I2 I1 P1 151.92(2) . . ?  
S4 I1 I2 65.76(3) . 4_456 ?  
I2 I1 I2 113.219(16) . 4_456 ?  
P1 I1 I2 82.73(2) . 4_456 ?  
I1 I2 I2 161.271(10) . 2_556 ?  
I1 I2 S4 124.29(3) . 4_446 ?  
I2 I2 S4 62.59(3) 2_556 4_446 ?  
I1 I2 S4 129.89(2) . 3_545 ?  
I2 I2 S4 62.30(2) 2_556 3_545 ?  
S4 I2 S4 91.98(3) 4_446 3_545 ?  
I1 I2 I1 93.282(17) . 4_446 ?  
I2 I2 I1 98.078(16) 2_556 4_446 ?  
S4 I2 I1 36.840(19) 4_446 4_446 ?  
S4 I2 I1 100.98(3) 3_545 4_446 ?  
P1 S4 I1 100.72(5) . . ?  
P1 S4 C1 33.37(9) . . ?  
I1 S4 C1 133.05(9) . . ?  
P1 S4 C13 31.54(8) . . ?  
I1 S4 C13 79.18(8) . . ?  
C1 S4 C13 55.32(12) . . ?  
P1 S4 C7 31.45(8) . . ?  
I1 S4 C7 90.95(8) . . ?  
C1 S4 C7 54.92(11) . . ?  
C13 S4 C7 54.26(11) . . ?  
P1 S4 I2 119.28(5) . 4_456 ?  
I1 S4 I2 77.39(3) . 4_456 ?  
C1 S4 I2 111.99(8) . 4_456 ?  
C13 S4 I2 92.15(8) . 4_456 ?  
C7 S4 I2 146.19(8) . 4_456 ?  
P1 S4 I2 90.43(5) . 3_455 ?  
I1 S4 I2 129.83(4) . 3_455 ?  
C1 S4 I2 64.20(8) . 3_455 ?  
C13 S4 I2 86.78(8) . 3_455 ?  
C7 S4 I2 118.71(8) . 3_455 ?  
I2 S4 I2 55.10(2) 4_456 3_455 ?  
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C1 P1 C13 107.4(2) . . ?  
C1 P1 C7 106.46(19) . . ?  
C13 P1 C7 106.4(2) . . ?  
C1 P1 S4 109.32(16) . . ?  
C13 P1 S4 113.32(15) . . ?  
C7 P1 S4 113.52(15) . . ?  
C1 P1 I1 154.68(15) . . ?  
C13 P1 I1 78.97(15) . . ?  
C7 P1 I1 94.62(14) . . ?  
S4 P1 I1 47.72(4) . . ?  
C6 C1 C2 119.2(4) . . ?  
C6 C1 P1 122.5(3) . . ?  
C2 C1 P1 118.3(3) . . ?  
C6 C1 S4 140.9(3) . . ?  
C2 C1 S4 90.9(3) . . ?  
P1 C1 S4 37.32(10) . . ?  
C1 C6 C5 119.9(4) . . ?  
C13 C14 C13 108.4(5) 2_456 . ?  
C12 C7 C8 119.5(4) . . ?  
C12 C7 P1 120.4(3) . . ?  
C8 C7 P1 120.1(3) . . ?  
C12 C7 S4 153.2(3) . . ?  
C8 C7 S4 86.3(3) . . ?  
P1 C7 S4 35.03(10) . . ?  
C4 C5 C6 119.8(4) . . ?  
C14 C13 P1 112.8(3) . . ?  
C14 C13 S4 88.6(2) . . ?  
P1 C13 S4 35.14(9) . . ?  
C9 C8 C7 119.8(4) . . ?  
C3 C2 C1 120.5(4) . . ?  
C2 C3 C4 120.0(5) . . ?  
C10 C11 C12 120.2(5) . . ?  
C5 C4 C3 120.5(4) . . ?  
C11 C12 C7 120.0(4) . . ?  
C10 C9 C8 120.1(4) . . ?  
C11 C10 C9 120.3(4) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
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 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
S4 P1 P1 S4 -69.97(9) . . 2_456 2_456 ?  
  
_diffrn_measured_fraction_theta_max    0.858  
_diffrn_reflns_theta_full              25.54  
_diffrn_measured_fraction_theta_full   0.858  
_refine_diff_density_max    1.099  
_refine_diff_density_min   -0.379  





































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,6-bis(diphenylphosphino)hexane-disulfide diiodide'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C30 H32 I4 P2 S2'  
_chemical_formula_weight          1026.24  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    8.9086(13)  
_cell_length_b                    10.1078(16)  
_cell_length_c                    11.2189(11)  
_cell_angle_alpha                 94.18(4)  
_cell_angle_beta                  102.813(13)  
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_cell_angle_gamma                 113.08(4)  
_cell_volume                      891.6(3)  
_cell_formula_units_Z             1  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     2787  
_cell_measurement_theta_min       2.5801  
_cell_measurement_theta_max       26.3749  
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'red'  
_exptl_crystal_size_max           0.32  
_exptl_crystal_size_mid           0.24  
_exptl_crystal_size_min           0.18  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.911  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              486  
_exptl_absorpt_coefficient_mu     3.720  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.4639  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 
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 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             8274  
_diffrn_reflns_av_R_equivalents   0.0771  
_diffrn_reflns_av_sigmaI/netI     0.1474  
_diffrn_reflns_limit_h_min        -11  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -12  
_diffrn_reflns_limit_k_max        12  
_diffrn_reflns_limit_l_min        -13  
_diffrn_reflns_limit_l_max        13  
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_diffrn_reflns_theta_min          2.58  
_diffrn_reflns_theta_max          26.37  
_reflns_number_total              3576  
_reflns_number_gt                 1759  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0010P)^2^+20.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.074(6)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          3576  
_refine_ls_number_parameters      173  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.1472  
_refine_ls_R_factor_gt            0.0963  
_refine_ls_wR_factor_ref          0.2451  
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_refine_ls_wR_factor_gt           0.2074  
_refine_ls_goodness_of_fit_ref    1.011  
_refine_ls_restrained_S_all       1.011  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 1.3183(2) 0.40935(19) 0.87026(12) 0.0907(7) Uani 1 1 d . . .  
I2 I 1.02300(15) 0.24351(14) 0.66849(11) 0.0628(6) Uani 1 1 d . . .  
S1 S 0.7334(5) 0.0672(5) 0.4906(5) 0.0634(12) Uani 1 1 d . . .  
P1 P 0.7333(5) 0.1884(5) 0.3605(4) 0.0518(11) Uani 1 1 d . . .  
C1 C 0.9147(18) 0.2305(17) 0.2977(13) 0.047(3) Uani 1 1 d . . .  
C2 C 0.9880(19) 0.1345(19) 0.2969(19) 0.069(5) Uani 1 1 d . . .  
H2A H 0.9479 0.0502 0.3306 0.083 Uiso 1 1 calc R . .  
C3 C 1.1272(19) 0.165(2) 0.2435(16) 0.059(4) Uani 1 1 d . . .  
H3A H 1.1760 0.0990 0.2409 0.071 Uiso 1 1 calc R . .  
C4 C 1.188(2) 0.288(2) 0.1970(16) 0.063(5) Uani 1 1 d . . .  
H4A H 1.2785 0.3077 0.1624 0.076 Uiso 1 1 calc R . .  
C5 C 1.115(2) 0.3835(18) 0.2014(16) 0.056(4) Uani 1 1 d . . .  
H5A H 1.1573 0.4686 0.1689 0.067 Uiso 1 1 calc R . .  
C6 C 0.980(2) 0.3579(17) 0.2530(15) 0.052(4) Uani 1 1 d . . .  
H6A H 0.9342 0.4261 0.2571 0.062 Uiso 1 1 calc R . .  
C7 C 0.7271(17) 0.3590(16) 0.4085(14) 0.046(3) Uani 1 1 d . . .  
H7A H 0.8333 0.4204 0.4698 0.055 Uiso 1 1 calc R . .  
H7B H 0.7204 0.4074 0.3372 0.055 Uiso 1 1 calc R . .  
C8 C 0.5799(19) 0.3500(17) 0.4643(14) 0.049(4) Uani 1 1 d . . .  
H8A H 0.5988 0.3243 0.5463 0.059 Uiso 1 1 calc R . .  
H8B H 0.4735 0.2752 0.4119 0.059 Uiso 1 1 calc R . .  
C9 C 0.572(2) 0.5022(19) 0.4733(15) 0.055(4) Uani 1 1 d . . .  
H9A H 0.6782 0.5765 0.5257 0.066 Uiso 1 1 calc R . .  
H9B H 0.5540 0.5278 0.3912 0.066 Uiso 1 1 calc R . .  
438 
 
C10 C 0.5462(19) 0.0840(19) 0.2356(16) 0.056(4) Uani 1 1 d . . .  
C11 C 0.503(2) 0.153(2) 0.1397(16) 0.071(6) Uani 1 1 d . . .  
H11A H 0.5686 0.2516 0.1425 0.085 Uiso 1 1 calc R . .  
C14 C 0.311(2) -0.138(2) 0.1379(18) 0.075(6) Uani 1 1 d . . .  
H14A H 0.2539 -0.2387 0.1333 0.090 Uiso 1 1 calc R . .  
C12 C 0.357(2) 0.073(2) 0.0358(19) 0.075(6) Uani 1 1 d . . .  
H12A H 0.3285 0.1159 -0.0309 0.090 Uiso 1 1 calc R . .  
C15 C 0.445(3) -0.057(2) 0.241(2) 0.089(7) Uani 1 1 d . . .  
H15A H 0.4656 -0.0969 0.3120 0.107 Uiso 1 1 calc R . .  
C13 C 0.259(3) -0.074(3) 0.040(2) 0.105(10) Uani 1 1 d . . .  
H13A H 0.1589 -0.1278 -0.0225 0.126 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.1007(12) 0.1262(15) 0.0552(9) 0.0257(8) 0.0037(7) 0.0656(11)  
I2 0.0689(9) 0.0737(9) 0.0695(8) 0.0251(6) 0.0281(6) 0.0470(7)  
S1 0.052(2) 0.058(3) 0.094(3) 0.018(2) 0.038(2) 0.027(2)  
P1 0.042(2) 0.059(3) 0.062(2) -0.0022(19) 0.0212(18) 0.0266(19)  
C1 0.048(8) 0.055(9) 0.047(8) 0.001(7) 0.019(6) 0.028(7)  
C2 0.040(8) 0.051(10) 0.118(16) -0.010(10) 0.037(9) 0.016(7)  
C3 0.038(8) 0.068(12) 0.076(11) 0.000(9) 0.022(8) 0.025(8)  
C4 0.046(9) 0.093(15) 0.063(10) 0.010(9) 0.024(8) 0.038(10)  
C5 0.057(9) 0.046(9) 0.072(11) 0.004(7) 0.040(8) 0.018(7)  
C6 0.057(9) 0.050(9) 0.064(10) 0.009(7) 0.026(8) 0.032(8)  
C7 0.037(7) 0.054(9) 0.053(8) 0.002(7) 0.017(6) 0.024(7)  
C8 0.049(8) 0.058(9) 0.050(8) -0.002(7) 0.020(7) 0.032(7)  
C9 0.054(9) 0.070(11) 0.058(9) 0.008(8) 0.030(8) 0.037(8)  
C10 0.040(8) 0.060(10) 0.074(11) -0.011(8) 0.033(8) 0.020(7)  
C11 0.055(10) 0.100(15) 0.059(10) -0.029(10) 0.001(8) 0.049(10)  
C14 0.059(11) 0.075(13) 0.052(10) -0.027(9) 0.028(9) -0.011(9)  
C12 0.056(10) 0.081(14) 0.077(12) -0.026(10) 0.014(9) 0.028(10)  
C15 0.075(13) 0.063(13) 0.078(13) -0.024(10) 0.003(11) -0.009(10)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
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 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 I2 2.864(2) . ?  
I1 I1 3.564(3) 2_867 ?  
I2 S1 2.722(5) . ?  
S1 P1 1.973(7) . ?  
P1 C7 1.794(14) . ?  
P1 C10 1.796(17) . ?  
P1 C1 1.817(14) . ?  
C1 C2 1.37(2) . ?  
C1 C6 1.37(2) . ?  
C2 C3 1.43(2) . ?  
C3 C4 1.34(2) . ?  
C4 C5 1.36(2) . ?  
C5 C6 1.396(19) . ?  
C7 C8 1.548(17) . ?  
C8 C9 1.57(2) . ?  
C9 C9 1.51(3) 2_666 ?  
C10 C15 1.37(3) . ?  
C10 C11 1.39(3) . ?  
C11 C12 1.44(2) . ?  
C14 C15 1.39(2) . ?  
C14 C13 1.40(3) . ?  
C12 C13 1.40(3) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
I2 I1 I1 175.68(8) . 2_867 ?  
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S1 I2 I1 174.66(11) . . ?  
P1 S1 I2 102.1(2) . . ?  
C7 P1 C10 107.7(7) . . ?  
C7 P1 C1 106.9(7) . . ?  
C10 P1 C1 107.4(7) . . ?  
C7 P1 S1 114.6(5) . . ?  
C10 P1 S1 106.9(7) . . ?  
C1 P1 S1 113.0(5) . . ?  
C2 C1 C6 120.0(14) . . ?  
C2 C1 P1 119.2(13) . . ?  
C6 C1 P1 120.8(11) . . ?  
C1 C2 C3 119.3(18) . . ?  
C4 C3 C2 120.6(16) . . ?  
C3 C4 C5 119.0(15) . . ?  
C4 C5 C6 122.1(16) . . ?  
C1 C6 C5 119.0(14) . . ?  
C8 C7 P1 116.2(11) . . ?  
C7 C8 C9 108.7(13) . . ?  
C9 C9 C8 110.4(18) 2_666 . ?  
C15 C10 C11 122.0(18) . . ?  
C15 C10 P1 119.6(16) . . ?  
C11 C10 P1 118.3(14) . . ?  
C10 C11 C12 120(2) . . ?  
C15 C14 C13 122(2) . . ?  
C13 C12 C11 117(2) . . ?  
C10 C15 C14 118(2) . . ?  
C12 C13 C14 120(2) . . ?  
  
_diffrn_measured_fraction_theta_max    0.983  
_diffrn_reflns_theta_full              26.37  
_diffrn_measured_fraction_theta_full   0.983  
_refine_diff_density_max    2.016  
_refine_diff_density_min   -2.566  
















_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,6-bis(diphenylphosphino)hexane-diselenide 
iodoform'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C32 H34 I6 P2 Se2'  
_chemical_formula_weight          1399.85  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Se'  'Se'  -0.0929   2.2259  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    8.3973(8)  
_cell_length_b                    10.038(5)  
_cell_length_c                    12.697(15)  
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_cell_angle_alpha                 110.88(7)  
_cell_angle_beta                  92.14(14)  
_cell_angle_gamma                 94.74(12)  
_cell_volume                      994.0(3)  
_cell_formula_units_Z             1  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     1520  
_cell_measurement_theta_min       3.3857  
_cell_measurement_theta_max       27.7613  
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'yellow'  
_exptl_crystal_size_max           0.23  
_exptl_crystal_size_mid           0.18  
_exptl_crystal_size_min           0.18?  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.338  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              642  
_exptl_absorpt_coefficient_mu     6.621  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.6573  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             9406  
_diffrn_reflns_av_R_equivalents   0.0307  
_diffrn_reflns_av_sigmaI/netI     0.0419  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -12  
_diffrn_reflns_limit_k_max        12  
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_diffrn_reflns_limit_l_min        -15  
_diffrn_reflns_limit_l_max        15  
_diffrn_reflns_theta_min          3.24  
_diffrn_reflns_theta_max          26.37  
_reflns_number_total              3904  
_reflns_number_gt                 3318  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0001P)^2^+7.5000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3904  
_refine_ls_number_parameters      190  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0406  
_refine_ls_R_factor_gt            0.0339  
_refine_ls_wR_factor_ref          0.0737  
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_refine_ls_wR_factor_gt           0.0710  
_refine_ls_goodness_of_fit_ref    1.008  
_refine_ls_restrained_S_all       1.008  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I -0.95585(4) -0.93510(4) 0.78860(3) 0.02475(10) Uani 1 1 d . . .  
I2 I -1.26061(5) -1.19359(4) 0.61526(3) 0.03422(12) Uani 1 1 d . . .  
I3 I -1.25423(5) -1.09124(5) 0.91367(4) 0.03880(13) Uani 1 1 d . . .  
C16 C -1.2016(6) -1.0263(6) 0.7748(4) 0.0193(10) Uani 1 1 d . . .  
H16A H -1.2692 -0.9500 0.7783 0.023 Uiso 1 1 calc R . .  
Se1 Se -0.56054(6) -0.81919(5) 0.83275(4) 0.01795(12) Uani 1 1 d . . .  
P1 P -0.49438(13) -0.64242(13) 0.78206(10) 0.0113(2) Uani 1 1 d . . .  
C1 C -0.4100(5) -0.6937(5) 0.6461(4) 0.0131(9) Uani 1 1 d . . .  
C6 C -0.3789(6) -0.5906(5) 0.5966(4) 0.0155(10) Uani 1 1 d . . .  
H6A H -0.4057 -0.4979 0.6326 0.019 Uiso 1 1 calc R . .  
C14 C -0.1955(5) -0.5801(5) 0.9023(4) 0.0141(9) Uani 1 1 d . . .  
H14A H -0.1447 -0.6223 0.8323 0.017 Uiso 1 1 calc R . .  
H14B H -0.2280 -0.6559 0.9300 0.017 Uiso 1 1 calc R . .  
C13 C -0.3430(5) -0.5119(5) 0.8799(4) 0.0142(9) Uani 1 1 d . . .  
H13A H -0.3104 -0.4392 0.8490 0.017 Uiso 1 1 calc R . .  
H13B H -0.3896 -0.4651 0.9509 0.017 Uiso 1 1 calc R . .  
C7 C -0.6623(5) -0.5470(5) 0.7671(4) 0.0153(10) Uani 1 1 d . . .  
C4 C -0.2681(6) -0.7633(6) 0.4412(4) 0.0238(11) Uani 1 1 d . . .  
H4A H -0.2200 -0.7864 0.3730 0.029 Uiso 1 1 calc R . .  
C5 C -0.3089(6) -0.6255(6) 0.4951(5) 0.0214(11) Uani 1 1 d . . .  
H5A H -0.2891 -0.5566 0.4627 0.026 Uiso 1 1 calc R . .  
C2 C -0.3703(6) -0.8318(5) 0.5905(4) 0.0186(10) Uani 1 1 d . . .  
H2A H -0.3916 -0.9018 0.6216 0.022 Uiso 1 1 calc R . .  
C8 C -0.7926(6) -0.6243(6) 0.6935(4) 0.0173(10) Uani 1 1 d . . .  
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H8A H -0.7909 -0.7218 0.6535 0.021 Uiso 1 1 calc R . .  
C12 C -0.6659(6) -0.4021(6) 0.8263(4) 0.0209(11) Uani 1 1 d . . .  
H12A H -0.5790 -0.3494 0.8752 0.025 Uiso 1 1 calc R . .  
C11 C -0.8004(7) -0.3346(6) 0.8125(5) 0.0267(12) Uani 1 1 d . . .  
H11A H -0.8042 -0.2375 0.8529 0.032 Uiso 1 1 calc R . .  
C3 C -0.2986(7) -0.8659(6) 0.4883(5) 0.0255(12) Uani 1 1 d . . .  
H3A H -0.2713 -0.9583 0.4517 0.031 Uiso 1 1 calc R . .  
C9 C -0.9248(6) -0.5567(7) 0.6794(5) 0.0261(12) Uani 1 1 d . . .  
H9A H -1.0113 -0.6089 0.6300 0.031 Uiso 1 1 calc R . .  
C10 C -0.9284(6) -0.4142(7) 0.7376(5) 0.0299(13) Uani 1 1 d . . .  
H10A H -1.0173 -0.3695 0.7273 0.036 Uiso 1 1 calc R . .  
C15 C -0.0757(5) -0.4680(5) 0.9894(4) 0.0151(10) Uani 1 1 d . . .  
H15A H -0.0467 -0.3906 0.9627 0.018 Uiso 1 1 calc R . .  
H15B H -0.1259 -0.4281 1.0600 0.018 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.02465(18) 0.02035(18) 0.02647(19) 0.00551(14) 0.00061(14) 0.00091(13)  
I2 0.0434(2) 0.0221(2) 0.0323(2) 0.00661(16) -0.01405(17) -0.00125(16)  
I3 0.0493(3) 0.0361(2) 0.0345(2) 0.01790(19) 0.00635(18) -0.00102(19)  
C16 0.018(2) 0.020(3) 0.022(3) 0.010(2) 0.0002(19) 0.005(2)  
Se1 0.0158(2) 0.0192(3) 0.0211(3) 0.0103(2) 0.00184(18) 0.00028(19)  
P1 0.0090(5) 0.0134(6) 0.0109(6) 0.0038(5) -0.0006(4) 0.0011(4)  
C1 0.010(2) 0.018(2) 0.011(2) 0.0051(19) -0.0006(17) 0.0016(17)  
C6 0.018(2) 0.012(2) 0.017(2) 0.0058(19) 0.0006(18) 0.0006(18)  
C14 0.011(2) 0.017(2) 0.013(2) 0.0032(19) 0.0004(17) 0.0001(18)  
C13 0.012(2) 0.015(2) 0.013(2) 0.0028(19) -0.0006(17) 0.0004(18)  
C7 0.012(2) 0.023(3) 0.012(2) 0.009(2) 0.0019(17) 0.0002(19)  
C4 0.028(3) 0.030(3) 0.015(3) 0.008(2) 0.010(2) 0.012(2)  
C5 0.021(3) 0.025(3) 0.024(3) 0.016(2) 0.005(2) 0.002(2)  
C2 0.027(3) 0.014(2) 0.015(2) 0.006(2) 0.003(2) 0.006(2)  
C8 0.015(2) 0.025(3) 0.013(2) 0.008(2) 0.0018(18) 0.000(2)  
C12 0.019(2) 0.023(3) 0.022(3) 0.010(2) 0.001(2) 0.004(2)  
C11 0.033(3) 0.026(3) 0.029(3) 0.015(2) 0.014(2) 0.014(2)  
C3 0.036(3) 0.021(3) 0.018(3) 0.004(2) 0.007(2) 0.010(2)  
C9 0.014(2) 0.046(4) 0.023(3) 0.019(3) -0.001(2) 0.004(2)  
C10 0.020(3) 0.053(4) 0.035(3) 0.033(3) 0.012(2) 0.020(3)  






 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C16 2.161(5) . ?  
I1 Se1 3.3831(11) . ?  
I1 I2 3.5408(16) . ?  
I1 I3 3.5609(11) . ?  
I1 I3 4.0228(12) 2_337 ?  
I2 C16 2.129(5) . ?  
I2 I3 3.5517(11) . ?  
I2 C8 3.750(5) 2_336 ?  
I2 Se1 4.7729(19) 1_455 ?  
I3 C16 2.136(5) . ?  
I3 Se1 3.9751(12) 2_337 ?  
I3 I1 4.0228(12) 2_337 ?  
I3 Se1 4.2535(13) 1_455 ?  
I3 I3 4.6408(19) 2_337 ?  
I3 I3 4.9256(18) 2_237 ?  
C16 H16A 0.9800 . ?  
Se1 P1 2.1330(14) . ?  
Se1 I3 3.9751(12) 2_337 ?  
Se1 I3 4.2536(13) 1_655 ?  
Se1 I2 4.7729(19) 1_655 ?  
P1 C1 1.808(5) . ?  
P1 C7 1.809(5) . ?  
P1 C13 1.822(5) . ?  
C1 C2 1.389(7) . ?  
C1 C6 1.402(7) . ?  
C6 C5 1.378(7) . ?  
C6 H6A 0.9300 . ?  
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C14 C13 1.529(6) . ?  
C14 C15 1.531(6) . ?  
C14 H14A 0.9700 . ?  
C14 H14B 0.9700 . ?  
C13 H13A 0.9700 . ?  
C13 H13B 0.9700 . ?  
C7 C12 1.383(7) . ?  
C7 C8 1.393(7) . ?  
C4 C3 1.375(8) . ?  
C4 C5 1.385(8) . ?  
C4 H4A 0.9300 . ?  
C5 H5A 0.9300 . ?  
C2 C3 1.393(7) . ?  
C2 H2A 0.9300 . ?  
C8 C9 1.386(7) . ?  
C8 I2 3.750(5) 2_336 ?  
C8 H8A 0.9300 . ?  
C12 C11 1.401(7) . ?  
C12 H12A 0.9300 . ?  
C11 C10 1.392(9) . ?  
C11 H11A 0.9300 . ?  
C3 H3A 0.9300 . ?  
C9 C10 1.359(9) . ?  
C9 H9A 0.9300 . ?  
C10 H10A 0.9300 . ?  
C15 C15 1.527(9) 2_547 ?  
C15 H15A 0.9700 . ?  
C15 H15B 0.9700 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C16 I1 Se1 172.07(13) . . ?  
C16 I1 I2 34.09(14) . . ?  
Se1 I1 I2 146.88(3) . . ?  
C16 I1 I3 33.80(13) . . ?  
Se1 I1 I3 138.85(2) . . ?  
I2 I1 I3 60.02(2) . . ?  
C16 I1 I3 108.87(13) . 2_337 ?  
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Se1 I1 I3 64.25(3) . 2_337 ?  
I2 I1 I3 128.54(3) . 2_337 ?  
I3 I1 I3 75.18(3) . 2_337 ?  
C16 I2 I1 34.68(14) . . ?  
C16 I2 I3 33.67(13) . . ?  
I1 I2 I3 60.27(3) . . ?  
C16 I2 C8 152.33(16) . 2_336 ?  
I1 I2 C8 119.50(8) . 2_336 ?  
I3 I2 C8 165.35(8) . 2_336 ?  
C16 I2 Se1 49.30(14) . 1_455 ?  
I1 I2 Se1 77.80(3) . 1_455 ?  
I3 I2 Se1 59.31(3) . 1_455 ?  
C8 I2 Se1 135.22(8) 2_336 1_455 ?  
C16 I3 I2 33.55(14) . . ?  
C16 I3 I1 34.27(13) . . ?  
I2 I3 I1 59.71(3) . . ?  
C16 I3 Se1 168.02(14) . 2_337 ?  
I2 I3 Se1 145.08(2) . 2_337 ?  
I1 I3 Se1 154.11(2) . 2_337 ?  
C16 I3 I1 138.92(13) . 2_337 ?  
I2 I3 I1 151.35(2) . 2_337 ?  
I1 I3 I1 104.82(3) . 2_337 ?  
Se1 I3 I1 50.043(18) 2_337 2_337 ?  
C16 I3 Se1 61.77(14) . 1_455 ?  
I2 I3 Se1 74.79(3) . 1_455 ?  
I1 I3 Se1 85.08(2) . 1_455 ?  
Se1 I3 Se1 106.55(3) 2_337 1_455 ?  
I1 I3 Se1 130.85(3) 2_337 1_455 ?  
C16 I3 I3 91.11(13) . 2_337 ?  
I2 I3 I3 111.95(3) . 2_337 ?  
I1 I3 I3 56.93(2) . 2_337 ?  
Se1 I3 I3 97.68(3) 2_337 2_337 ?  
I1 I3 I3 47.88(2) 2_337 2_337 ?  
Se1 I3 I3 120.08(2) 1_455 2_337 ?  
C16 I3 I3 112.40(14) . 2_237 ?  
I2 I3 I3 115.80(3) . 2_237 ?  
I1 I3 I3 130.69(2) . 2_237 ?  
Se1 I3 I3 55.87(2) 2_337 2_237 ?  
I1 I3 I3 92.67(3) 2_337 2_237 ?  
Se1 I3 I3 50.68(2) 1_455 2_237 ?  
I3 I3 I3 122.73(3) 2_337 2_237 ?  
I2 C16 I3 112.8(2) . . ?  
I2 C16 I1 111.2(2) . . ?  
I3 C16 I1 111.9(2) . . ?  
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I2 C16 H16A 106.8 . . ?  
I3 C16 H16A 106.8 . . ?  
I1 C16 H16A 106.8 . . ?  
P1 Se1 I1 114.47(4) . . ?  
P1 Se1 I3 141.22(4) . 2_337 ?  
I1 Se1 I3 65.71(3) . 2_337 ?  
P1 Se1 I3 127.84(4) . 1_655 ?  
I1 Se1 I3 116.30(2) . 1_655 ?  
I3 Se1 I3 73.45(3) 2_337 1_655 ?  
P1 Se1 I2 105.30(4) . 1_655 ?  
I1 Se1 I2 109.59(3) . 1_655 ?  
I3 Se1 I2 110.87(3) 2_337 1_655 ?  
I3 Se1 I2 45.897(18) 1_655 1_655 ?  
C1 P1 C7 104.4(2) . . ?  
C1 P1 C13 105.1(2) . . ?  
C7 P1 C13 107.3(2) . . ?  
C1 P1 Se1 113.52(16) . . ?  
C7 P1 Se1 113.04(16) . . ?  
C13 P1 Se1 112.77(16) . . ?  
C2 C1 C6 118.9(4) . . ?  
C2 C1 P1 121.8(4) . . ?  
C6 C1 P1 119.4(4) . . ?  
C5 C6 C1 120.5(5) . . ?  
C5 C6 H6A 119.8 . . ?  
C1 C6 H6A 119.8 . . ?  
C13 C14 C15 110.7(4) . . ?  
C13 C14 H14A 109.5 . . ?  
C15 C14 H14A 109.5 . . ?  
C13 C14 H14B 109.5 . . ?  
C15 C14 H14B 109.5 . . ?  
H14A C14 H14B 108.1 . . ?  
C14 C13 P1 112.5(3) . . ?  
C14 C13 H13A 109.1 . . ?  
P1 C13 H13A 109.1 . . ?  
C14 C13 H13B 109.1 . . ?  
P1 C13 H13B 109.1 . . ?  
H13A C13 H13B 107.8 . . ?  
C12 C7 C8 119.4(5) . . ?  
C12 C7 P1 122.6(4) . . ?  
C8 C7 P1 118.0(4) . . ?  
C3 C4 C5 120.1(5) . . ?  
C3 C4 H4A 119.9 . . ?  
C5 C4 H4A 119.9 . . ?  
C6 C5 C4 120.1(5) . . ?  
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C6 C5 H5A 120.0 . . ?  
C4 C5 H5A 120.0 . . ?  
C1 C2 C3 120.2(5) . . ?  
C1 C2 H2A 119.9 . . ?  
C3 C2 H2A 119.9 . . ?  
C9 C8 C7 120.4(5) . . ?  
C9 C8 I2 96.2(3) . 2_336 ?  
C7 C8 I2 120.1(3) . 2_336 ?  
C9 C8 H8A 119.8 . . ?  
C7 C8 H8A 119.8 . . ?  
I2 C8 H8A 52.2 2_336 . ?  
C7 C12 C11 119.9(5) . . ?  
C7 C12 H12A 120.0 . . ?  
C11 C12 H12A 120.0 . . ?  
C10 C11 C12 119.4(5) . . ?  
C10 C11 H11A 120.3 . . ?  
C12 C11 H11A 120.3 . . ?  
C4 C3 C2 120.2(5) . . ?  
C4 C3 H3A 119.9 . . ?  
C2 C3 H3A 119.9 . . ?  
C10 C9 C8 120.2(5) . . ?  
C10 C9 H9A 119.9 . . ?  
C8 C9 H9A 119.9 . . ?  
C9 C10 C11 120.7(5) . . ?  
C9 C10 H10A 119.7 . . ?  
C11 C10 H10A 119.7 . . ?  
C15 C15 C14 111.8(5) 2_547 . ?  
C15 C15 H15A 109.2 2_547 . ?  
C14 C15 H15A 109.2 . . ?  
C15 C15 H15B 109.2 2_547 . ?  
C14 C15 H15B 109.2 . . ?  
H15A C15 H15B 107.9 . . ?  
  
_diffrn_measured_fraction_theta_max    0.957  
_diffrn_reflns_theta_full              26.37  
_diffrn_measured_fraction_theta_full   0.957  
_refine_diff_density_max    1.578  
_refine_diff_density_min   -1.364  










_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,2-bis(diphenylphosphino)ethane-disulfide 4,4'-
diiodooctofluorobenzene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C38 H24 F8 I2 P2 S2'  
_chemical_formula_weight          1012.43  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    10.6755(8)  
_cell_length_b                    11.4416(9)  
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_cell_length_c                    16.3265(14)  
_cell_angle_alpha                 89.2586(7)  
_cell_angle_beta                  85.555(60)  
_cell_angle_gamma                 68.671(5)  
_cell_volume                      1852.4(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     6863  
_cell_measurement_theta_min       3.4381  
_cell_measurement_theta_max       26.3891  
  
_exptl_crystal_description        'Chip'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.26  
_exptl_crystal_size_mid           0.22  
_exptl_crystal_size_min           0.20  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.815  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              984  
_exptl_absorpt_coefficient_mu     1.966  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.8920  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             18284  
_diffrn_reflns_av_R_equivalents   0.0246  
_diffrn_reflns_av_sigmaI/netI     0.0400  
_diffrn_reflns_limit_h_min        -13  
_diffrn_reflns_limit_h_max        13  
_diffrn_reflns_limit_k_min        -14  
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_diffrn_reflns_limit_k_max        12  
_diffrn_reflns_limit_l_min        -19  
_diffrn_reflns_limit_l_max        20  
_diffrn_reflns_theta_min          3.11  
_diffrn_reflns_theta_max          26.37  
_reflns_number_total              7381  
_reflns_number_gt                 5973  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0001P)^2^+4.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          7381  
_refine_ls_number_parameters      469  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0434  
_refine_ls_R_factor_gt            0.0317  
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_refine_ls_wR_factor_ref          0.0600  
_refine_ls_wR_factor_gt           0.0547  
_refine_ls_goodness_of_fit_ref    1.005  
_refine_ls_restrained_S_all       1.005  
_refine_ls_shift/su_max           0.002  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.05783(2) 0.32229(2) 0.083911(13) 0.03044(7) Uani 1 1 d . . .  
I2 I 0.42791(2) 0.16881(2) -0.588521(13) 0.02756(6) Uani 1 1 d . . .  
P2 P -0.41767(8) 0.21965(8) 0.16065(5) 0.01995(17) Uani 1 1 d . . .  
P1 P -0.16134(8) 0.31116(8) 0.33154(5) 0.02149(17) Uani 1 1 d . . .  
S2 S -0.46693(9) 0.09629(8) 0.22641(5) 0.02878(19) Uani 1 1 d . . .  
S1 S -0.06467(10) 0.40630(9) 0.27158(5) 0.0321(2) Uani 1 1 d . . .  
F6 F 0.05267(18) 0.31021(19) -0.33304(11) 0.0301(4) Uani 1 1 d . . .  
F4 F 0.0211(2) 0.1543(2) -0.06064(12) 0.0332(5) Uani 1 1 d . . .  
F3 F 0.1119(2) 0.12030(19) -0.21734(12) 0.0317(5) Uani 1 1 d . . .  
F1 F 0.2555(2) 0.4290(2) -0.02677(12) 0.0346(5) Uani 1 1 d . . .  
F8 F 0.58835(18) 0.13691(19) -0.42627(12) 0.0313(4) Uani 1 1 d . . .  
F2 F 0.3444(2) 0.3964(2) -0.18462(12) 0.0331(5) Uani 1 1 d . . .  
F7 F 0.50614(18) 0.1741(2) -0.26726(11) 0.0306(4) Uani 1 1 d . . .  
F5 F 0.13428(19) 0.2729(2) -0.49221(11) 0.0331(5) Uani 1 1 d . . .  
C18 C -0.4825(3) 0.1593(3) 0.01217(19) 0.0250(7) Uani 1 1 d . . .  
H18A H -0.5706 0.1922 0.0358 0.030 Uiso 1 1 calc R . .  
C19 C -0.5501(3) 0.3729(3) 0.15884(18) 0.0212(6) Uani 1 1 d . . .  
C13 C -0.3762(3) 0.1651(3) 0.05535(18) 0.0209(6) Uani 1 1 d . . .  
C20 C -0.6763(3) 0.3963(3) 0.19948(19) 0.0257(7) Uani 1 1 d . . .  
H20A H -0.6948 0.3323 0.2274 0.031 Uiso 1 1 calc R . .  
C31 C -0.2255(3) 0.3750(3) 0.43392(19) 0.0218(7) Uani 1 1 d . . .  
C37 C -0.3076(3) 0.3066(3) 0.28282(19) 0.0240(7) Uani 1 1 d . . .  
H37A H -0.3500 0.2593 0.3170 0.029 Uiso 1 1 calc R . .  
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H37B H -0.3724 0.3916 0.2796 0.029 Uiso 1 1 calc R . .  
C11 C 0.4128(3) 0.1998(3) -0.3224(2) 0.0254(7) Uani 1 1 d . . .  
C3 C 0.2639(3) 0.3361(3) -0.15498(19) 0.0243(7) Uani 1 1 d . . .  
C2 C 0.2179(3) 0.3523(3) -0.0732(2) 0.0256(7) Uani 1 1 d . . .  
C33 C -0.3778(4) 0.4017(3) 0.5555(2) 0.0323(8) Uani 1 1 d . . .  
H33A H -0.4524 0.3903 0.5824 0.039 Uiso 1 1 calc R . .  
C8 C 0.2283(3) 0.2478(3) -0.4372(2) 0.0255(7) Uani 1 1 d . . .  
C32 C -0.3358(4) 0.3571(3) 0.4755(2) 0.0298(8) Uani 1 1 d . . .  
H32A H -0.3817 0.3148 0.4494 0.036 Uiso 1 1 calc R . .  
C22 C -0.7485(4) 0.6113(4) 0.1569(2) 0.0363(9) Uani 1 1 d . . .  
H22A H -0.8147 0.6912 0.1567 0.044 Uiso 1 1 calc R . .  
C24 C -0.5241(4) 0.4696(3) 0.1157(2) 0.0301(8) Uani 1 1 d . . .  
H24A H -0.4405 0.4540 0.0873 0.036 Uiso 1 1 calc R . .  
C25 C -0.0586(3) 0.1489(3) 0.34534(19) 0.0249(7) Uani 1 1 d . . .  
C35 C -0.1997(4) 0.4806(4) 0.5549(2) 0.0331(8) Uani 1 1 d . . .  
H35A H -0.1531 0.5213 0.5819 0.040 Uiso 1 1 calc R . .  
C12 C 0.4551(3) 0.1805(3) -0.4044(2) 0.0247(7) Uani 1 1 d . . .  
C38 C -0.2733(3) 0.2477(3) 0.19668(19) 0.0246(7) Uani 1 1 d . . .  
H38A H -0.1972 0.1690 0.1974 0.029 Uiso 1 1 calc R . .  
H38B H -0.2479 0.3033 0.1593 0.029 Uiso 1 1 calc R . .  
C7 C 0.3638(3) 0.2031(3) -0.46365(19) 0.0227(7) Uani 1 1 d . . .  
C14 C -0.2453(3) 0.1169(3) 0.0187(2) 0.0285(7) Uani 1 1 d . . .  
H14A H -0.1742 0.1212 0.0465 0.034 Uiso 1 1 calc R . .  
C36 C -0.1581(3) 0.4379(3) 0.4741(2) 0.0279(7) Uani 1 1 d . . .  
H36A H -0.0849 0.4515 0.4470 0.034 Uiso 1 1 calc R . .  
C17 C -0.4569(4) 0.1049(3) -0.0653(2) 0.0291(7) Uani 1 1 d . . .  
H17A H -0.5276 0.1014 -0.0937 0.035 Uiso 1 1 calc R . .  
C4 C 0.2298(3) 0.2587(3) -0.20635(19) 0.0211(7) Uani 1 1 d . . .  
C9 C 0.1866(3) 0.2658(3) -0.3551(2) 0.0246(7) Uani 1 1 d . . .  
C10 C 0.2766(3) 0.2421(3) -0.29502(19) 0.0214(7) Uani 1 1 d . . .  
C16 C -0.3263(4) 0.0556(3) -0.1006(2) 0.0315(8) Uani 1 1 d . . .  
H16A H -0.3093 0.0177 -0.1524 0.038 Uiso 1 1 calc R . .  
C26 C -0.1069(4) 0.0724(4) 0.3949(3) 0.0396(9) Uani 1 1 d . . .  
H26A H -0.1937 0.1048 0.4205 0.048 Uiso 1 1 calc R . .  
C1 C 0.1352(3) 0.2928(3) -0.03873(19) 0.0243(7) Uani 1 1 d . . .  
C34 C -0.3097(4) 0.4625(3) 0.5948(2) 0.0314(8) Uani 1 1 d . . .  
H34A H -0.3377 0.4916 0.6485 0.038 Uiso 1 1 calc R . .  
C5 C 0.1480(3) 0.1977(3) -0.1716(2) 0.0248(7) Uani 1 1 d . . .  
C21 C -0.7749(4) 0.5159(4) 0.1983(2) 0.0336(8) Uani 1 1 d . . .  
H21A H -0.8592 0.5317 0.2256 0.040 Uiso 1 1 calc R . .  
C15 C -0.2207(4) 0.0624(4) -0.0592(2) 0.0335(8) Uani 1 1 d . . .  
H15A H -0.1331 0.0304 -0.0837 0.040 Uiso 1 1 calc R . .  
C28 C 0.1004(5) -0.1001(4) 0.3689(3) 0.0544(13) Uani 1 1 d . . .  
H28A H 0.1540 -0.1835 0.3769 0.065 Uiso 1 1 calc R . .  
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C27 C -0.0268(5) -0.0514(4) 0.4064(3) 0.0488(11) Uani 1 1 d . . .  
H27A H -0.0599 -0.1018 0.4398 0.059 Uiso 1 1 calc R . .  
C30 C 0.0704(4) 0.0988(5) 0.3086(3) 0.0515(12) Uani 1 1 d . . .  
H30A H 0.1053 0.1488 0.2762 0.062 Uiso 1 1 calc R . .  
C29 C 0.1490(5) -0.0269(5) 0.3199(3) 0.0694(16) Uani 1 1 d . . .  
H29A H 0.2351 -0.0609 0.2936 0.083 Uiso 1 1 calc R . .  
C23 C -0.6228(4) 0.5878(3) 0.1155(2) 0.0359(9) Uani 1 1 d . . .  
H23A H -0.6051 0.6522 0.0876 0.043 Uiso 1 1 calc R . .  
C6 C 0.1014(3) 0.2153(3) -0.0900(2) 0.0255(7) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.03247(13) 0.03475(14) 0.02246(11) -0.00147(9) -0.00053(8) -0.01053(10)  
I2 0.03359(13) 0.02716(12) 0.02278(11) -0.00014(8) 0.00196(8) -0.01288(10)  
P2 0.0242(4) 0.0206(4) 0.0168(4) -0.0013(3) -0.0028(3) -0.0099(3)  
P1 0.0221(4) 0.0242(4) 0.0190(4) -0.0019(3) -0.0037(3) -0.0090(4)  
S2 0.0442(5) 0.0240(4) 0.0199(4) 0.0010(3) 0.0004(3) -0.0152(4)  
S1 0.0414(5) 0.0368(5) 0.0237(4) 0.0004(4) 0.0015(3) -0.0217(4)  
F6 0.0193(9) 0.0379(12) 0.0317(10) -0.0009(8) -0.0015(7) -0.0088(9)  
F4 0.0335(11) 0.0429(13) 0.0310(11) 0.0013(9) 0.0008(8) -0.0237(10)  
F3 0.0365(11) 0.0372(12) 0.0300(10) -0.0039(9) -0.0028(8) -0.0233(10)  
F1 0.0414(12) 0.0367(12) 0.0328(11) -0.0061(9) -0.0062(9) -0.0220(10)  
F8 0.0209(10) 0.0375(12) 0.0339(11) 0.0030(9) 0.0029(8) -0.0097(9)  
F2 0.0355(11) 0.0371(12) 0.0362(11) 0.0017(9) -0.0031(9) -0.0243(10)  
F7 0.0240(10) 0.0403(12) 0.0281(10) 0.0056(9) -0.0069(8) -0.0117(9)  
F5 0.0296(11) 0.0455(13) 0.0268(10) 0.0064(9) -0.0087(8) -0.0157(10)  
C18 0.0269(17) 0.0254(18) 0.0242(16) 0.0028(13) -0.0047(13) -0.0106(15)  
C19 0.0241(16) 0.0219(17) 0.0206(15) 0.0001(12) -0.0067(12) -0.0109(14)  
C13 0.0284(17) 0.0181(16) 0.0180(15) 0.0011(12) -0.0038(12) -0.0105(14)  
C20 0.0266(17) 0.0302(19) 0.0217(16) -0.0014(13) -0.0035(13) -0.0118(15)  
C31 0.0225(16) 0.0197(16) 0.0211(16) 0.0000(12) -0.0070(12) -0.0042(14)  
C37 0.0201(16) 0.0280(18) 0.0216(16) -0.0034(13) -0.0026(12) -0.0056(14)  
C11 0.0237(17) 0.0275(18) 0.0270(17) 0.0056(13) -0.0074(13) -0.0109(15)  
C3 0.0249(17) 0.0247(18) 0.0264(17) 0.0016(13) 0.0000(13) -0.0133(15)  
C2 0.0260(17) 0.0246(18) 0.0265(17) -0.0037(13) -0.0067(13) -0.0086(15)  
C33 0.039(2) 0.030(2) 0.0278(18) -0.0028(14) 0.0034(15) -0.0129(17)  
C8 0.0247(17) 0.0281(19) 0.0260(17) 0.0031(14) -0.0063(13) -0.0116(15)  
C32 0.0346(19) 0.032(2) 0.0269(18) -0.0079(14) -0.0006(14) -0.0175(17)  
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C22 0.033(2) 0.0248(19) 0.047(2) -0.0045(16) -0.0132(16) -0.0031(16)  
C24 0.0290(18) 0.0283(19) 0.0346(19) 0.0047(15) -0.0061(14) -0.0117(16)  
C25 0.0250(17) 0.0268(18) 0.0213(16) -0.0022(13) -0.0074(12) -0.0062(14)  
C35 0.037(2) 0.035(2) 0.0281(18) -0.0071(15) -0.0110(15) -0.0122(17)  
C12 0.0190(16) 0.0230(17) 0.0310(18) 0.0010(13) 0.0020(13) -0.0071(14)  
C38 0.0232(16) 0.0279(18) 0.0217(16) -0.0016(13) -0.0037(12) -0.0078(15)  
C7 0.0277(17) 0.0209(17) 0.0203(16) 0.0015(12) 0.0000(12) -0.0100(14)  
C14 0.0272(18) 0.0287(19) 0.0300(18) -0.0050(14) -0.0046(14) -0.0098(15)  
C36 0.0260(17) 0.032(2) 0.0262(17) -0.0001(14) -0.0070(13) -0.0098(15)  
C17 0.0353(19) 0.0279(19) 0.0271(18) 0.0025(14) -0.0104(14) -0.0138(16)  
C4 0.0179(15) 0.0237(17) 0.0213(16) 0.0035(12) -0.0026(12) -0.0067(14)  
C9 0.0172(15) 0.0236(18) 0.0319(18) 0.0019(14) -0.0005(13) -0.0067(14)  
C10 0.0219(16) 0.0197(17) 0.0230(16) 0.0027(12) -0.0019(12) -0.0081(14)  
C16 0.047(2) 0.0289(19) 0.0183(16) -0.0083(14) -0.0003(14) -0.0137(17)  
C26 0.037(2) 0.030(2) 0.055(2) 0.0019(18) -0.0061(18) -0.0151(18)  
C1 0.0212(16) 0.0253(18) 0.0235(17) 0.0003(13) -0.0022(12) -0.0049(14)  
C34 0.041(2) 0.0251(19) 0.0226(17) -0.0018(14) -0.0047(14) -0.0051(16)  
C5 0.0237(17) 0.0250(18) 0.0261(17) -0.0032(13) -0.0048(13) -0.0087(15)  
C21 0.0228(17) 0.040(2) 0.0345(19) -0.0101(16) -0.0022(14) -0.0064(16)  
C15 0.0313(19) 0.037(2) 0.0305(19) -0.0060(15) 0.0006(14) -0.0104(17)  
C28 0.060(3) 0.036(2) 0.048(3) -0.002(2) -0.025(2) 0.010(2)  
C27 0.061(3) 0.029(2) 0.059(3) 0.0083(19) -0.026(2) -0.016(2)  
C30 0.034(2) 0.055(3) 0.048(3) 0.020(2) 0.0003(18) 0.003(2)  
C29 0.046(3) 0.061(3) 0.060(3) 0.011(3) 0.006(2) 0.027(3)  
C23 0.040(2) 0.0241(19) 0.046(2) 0.0102(16) -0.0132(17) -0.0133(17)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.090(3) . ?  
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I1 C6 3.042(3) . ?  
I1 C2 3.058(4) . ?  
I1 F4 3.197(2) . ?  
I1 F1 3.231(2) . ?  
I1 S1 3.2514(13) . ?  
I1 I1 4.7078(16) 2_565 ?  
I2 C7 2.096(3) . ?  
I2 C8 3.051(4) . ?  
I2 C12 3.052(3) . ?  
I2 S2 3.1541(12) 1_654 ?  
I2 F5 3.208(2) . ?  
I2 F8 3.212(2) . ?  
I2 F8 3.568(2) 2_654 ?  
I2 C12 3.728(4) 2_654 ?  
I2 I2 4.6621(17) 2_654 ?  
P2 C13 1.803(3) . ?  
P2 C19 1.810(3) . ?  
P2 C38 1.824(3) . ?  
P2 S2 1.9584(13) . ?  
P1 C25 1.802(4) . ?  
P1 C31 1.814(3) . ?  
P1 C37 1.824(3) . ?  
P1 S1 1.9600(13) . ?  
S2 C13 3.073(3) . ?  
S2 C38 3.152(4) . ?  
S2 I2 3.1541(12) 1_456 ?  
S2 C19 3.168(3) . ?  
S1 C31 3.135(3) . ?  
S1 C25 3.148(4) . ?  
S1 C37 3.183(3) . ?  
F6 C9 1.352(4) . ?  
F4 C6 1.346(4) . ?  
F3 C5 1.341(4) . ?  
F1 C2 1.350(4) . ?  
F8 C12 1.346(4) . ?  
F8 I2 3.568(2) 2_654 ?  
F2 C3 1.344(4) . ?  
F7 C11 1.345(4) . ?  
F5 C8 1.349(4) . ?  
C18 C17 1.380(5) . ?  
C18 C13 1.404(4) . ?  
C19 C20 1.390(4) . ?  
C19 C24 1.404(5) . ?  
C13 C14 1.390(5) . ?  
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C20 C21 1.392(5) . ?  
C31 C36 1.387(4) . ?  
C31 C32 1.391(5) . ?  
C37 C38 1.527(4) . ?  
C11 C12 1.375(5) . ?  
C11 C10 1.393(4) . ?  
C3 C2 1.378(5) . ?  
C3 C4 1.386(4) . ?  
C2 C1 1.382(5) . ?  
C33 C34 1.369(5) . ?  
C33 C32 1.389(5) . ?  
C8 C9 1.373(5) . ?  
C8 C7 1.383(4) . ?  
C22 C21 1.379(6) . ?  
C22 C23 1.390(5) . ?  
C24 C23 1.380(5) . ?  
C25 C30 1.375(5) . ?  
C25 C26 1.390(5) . ?  
C35 C34 1.379(5) . ?  
C35 C36 1.396(5) . ?  
C12 C7 1.381(4) . ?  
C12 I2 3.728(4) 2_654 ?  
C14 C15 1.389(5) . ?  
C17 C16 1.380(5) . ?  
C4 C5 1.389(5) . ?  
C4 C10 1.486(4) . ?  
C9 C10 1.383(4) . ?  
C16 C15 1.385(5) . ?  
C26 C27 1.382(6) . ?  
C1 C6 1.384(5) . ?  
C5 C6 1.377(5) . ?  
C28 C29 1.358(7) . ?  
C28 C27 1.364(7) . ?  
C30 C29 1.395(6) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 C6 22.99(11) . . ?  
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C1 I1 C2 22.50(11) . . ?  
C6 I1 C2 45.49(9) . . ?  
C1 I1 F4 47.74(10) . . ?  
C6 I1 F4 24.76(7) . . ?  
C2 I1 F4 70.24(7) . . ?  
C1 I1 F1 47.10(10) . . ?  
C6 I1 F1 70.09(7) . . ?  
C2 I1 F1 24.60(7) . . ?  
F4 I1 F1 94.84(5) . . ?  
C1 I1 S1 172.39(10) . . ?  
C6 I1 S1 162.49(6) . . ?  
C2 I1 S1 150.95(6) . . ?  
F4 I1 S1 138.22(4) . . ?  
F1 I1 S1 126.61(4) . . ?  
C1 I1 I1 63.44(10) . 2_565 ?  
C6 I1 I1 75.67(7) . 2_565 ?  
C2 I1 I1 54.14(7) . 2_565 ?  
F4 I1 I1 91.20(4) . 2_565 ?  
F1 I1 I1 51.48(4) . 2_565 ?  
S1 I1 I1 109.61(3) . 2_565 ?  
C7 I2 C8 22.80(11) . . ?  
C7 I2 C12 22.73(11) . . ?  
C8 I2 C12 45.52(8) . . ?  
C7 I2 S2 175.84(9) . 1_654 ?  
C8 I2 S2 158.44(6) . 1_654 ?  
C12 I2 S2 155.37(6) . 1_654 ?  
C7 I2 F5 47.53(10) . . ?  
C8 I2 F5 24.74(7) . . ?  
C12 I2 F5 70.25(7) . . ?  
S2 I2 F5 133.97(4) 1_654 . ?  
C7 I2 F8 47.37(10) . . ?  
C8 I2 F8 70.16(7) . . ?  
C12 I2 F8 24.64(7) . . ?  
S2 I2 F8 130.92(4) 1_654 . ?  
F5 I2 F8 94.90(5) . . ?  
C7 I2 F8 90.32(10) . 2_654 ?  
C8 I2 F8 88.53(8) . 2_654 ?  
C12 I2 F8 91.75(8) . 2_654 ?  
S2 I2 F8 85.96(5) 1_654 2_654 ?  
F5 I2 F8 87.38(6) . 2_654 ?  
F8 I2 F8 93.27(6) . 2_654 ?  
C7 I2 C12 100.20(11) . 2_654 ?  
C8 I2 C12 104.88(9) . 2_654 ?  
C12 I2 C12 93.72(9) . 2_654 ?  
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S2 I2 C12 75.68(6) 1_654 2_654 ?  
F5 I2 C12 107.84(7) . 2_654 ?  
F8 I2 C12 86.41(7) . 2_654 ?  
F8 I2 C12 21.11(6) 2_654 2_654 ?  
C7 I2 I2 62.47(9) . 2_654 ?  
C8 I2 I2 75.32(7) . 2_654 ?  
C12 I2 I2 52.93(7) . 2_654 ?  
S2 I2 I2 113.41(3) 1_654 2_654 ?  
F5 I2 I2 91.36(5) . 2_654 ?  
F8 I2 I2 49.82(4) . 2_654 ?  
F8 I2 I2 43.45(3) 2_654 2_654 ?  
C12 I2 I2 40.79(5) 2_654 2_654 ?  
C13 P2 C19 106.32(15) . . ?  
C13 P2 C38 108.14(15) . . ?  
C19 P2 C38 105.30(15) . . ?  
C13 P2 S2 109.50(11) . . ?  
C19 P2 S2 114.39(11) . . ?  
C38 P2 S2 112.80(12) . . ?  
C25 P1 C31 105.70(15) . . ?  
C25 P1 C37 104.81(16) . . ?  
C31 P1 C37 105.21(15) . . ?  
C25 P1 S1 113.53(12) . . ?  
C31 P1 S1 112.29(12) . . ?  
C37 P1 S1 114.47(12) . . ?  
P2 S2 C13 33.58(6) . . ?  
P2 S2 C38 32.25(7) . . ?  
C13 S2 C38 56.30(8) . . ?  
P2 S2 I2 117.23(5) . 1_456 ?  
C13 S2 I2 150.55(7) . 1_456 ?  
C38 S2 I2 100.72(7) . 1_456 ?  
P2 S2 C19 31.35(7) . . ?  
C13 S2 C19 55.17(9) . . ?  
C38 S2 C19 54.40(9) . . ?  
I2 S2 C19 97.35(7) 1_456 . ?  
P1 S1 C31 32.37(7) . . ?  
P1 S1 C25 31.66(7) . . ?  
C31 S1 C25 54.61(9) . . ?  
P1 S1 C37 31.44(7) . . ?  
C31 S1 C37 54.44(8) . . ?  
C25 S1 C37 53.98(9) . . ?  
P1 S1 I1 119.00(5) . . ?  
C31 S1 I1 151.35(7) . . ?  
C25 S1 I1 101.25(7) . . ?  
C37 S1 I1 100.14(6) . . ?  
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C6 F4 I1 71.15(17) . . ?  
C2 F1 I1 70.51(17) . . ?  
C12 F8 I2 71.04(16) . . ?  
C12 F8 I2 86.16(17) . 2_654 ?  
I2 F8 I2 86.73(6) . 2_654 ?  
C8 F5 I2 71.12(17) . . ?  
C17 C18 C13 120.2(3) . . ?  
C20 C19 C24 119.6(3) . . ?  
C20 C19 P2 121.2(3) . . ?  
C24 C19 P2 119.1(3) . . ?  
C20 C19 S2 87.0(2) . . ?  
C24 C19 S2 153.3(2) . . ?  
P2 C19 S2 34.26(7) . . ?  
C14 C13 C18 119.2(3) . . ?  
C14 C13 P2 123.8(2) . . ?  
C18 C13 P2 116.6(2) . . ?  
C14 C13 S2 125.2(2) . . ?  
C18 C13 S2 98.8(2) . . ?  
P2 C13 S2 36.92(7) . . ?  
C19 C20 C21 119.7(3) . . ?  
C36 C31 C32 118.7(3) . . ?  
C36 C31 P1 119.0(3) . . ?  
C32 C31 P1 122.2(2) . . ?  
C36 C31 S1 87.2(2) . . ?  
C32 C31 S1 151.5(2) . . ?  
P1 C31 S1 35.35(7) . . ?  
C38 C37 P1 113.6(2) . . ?  
C38 C37 S1 94.12(19) . . ?  
P1 C37 S1 34.09(7) . . ?  
F7 C11 C12 118.8(3) . . ?  
F7 C11 C10 119.5(3) . . ?  
C12 C11 C10 121.7(3) . . ?  
F2 C3 C2 118.7(3) . . ?  
F2 C3 C4 119.9(3) . . ?  
C2 C3 C4 121.4(3) . . ?  
F1 C2 C3 118.2(3) . . ?  
F1 C2 C1 120.2(3) . . ?  
C3 C2 C1 121.6(3) . . ?  
F1 C2 I1 84.89(17) . . ?  
C3 C2 I1 156.9(2) . . ?  
C1 C2 I1 35.37(16) . . ?  
C34 C33 C32 120.1(3) . . ?  
F5 C8 C9 118.7(3) . . ?  
F5 C8 C7 120.1(3) . . ?  
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C9 C8 C7 121.2(3) . . ?  
F5 C8 I2 84.15(17) . . ?  
C9 C8 I2 157.1(2) . . ?  
C7 C8 I2 35.96(16) . . ?  
C33 C32 C31 120.6(3) . . ?  
C21 C22 C23 119.8(3) . . ?  
C23 C24 C19 119.8(3) . . ?  
C30 C25 C26 118.6(3) . . ?  
C30 C25 P1 120.8(3) . . ?  
C26 C25 P1 120.7(3) . . ?  
C30 C25 S1 86.1(3) . . ?  
C26 C25 S1 154.8(3) . . ?  
P1 C25 S1 34.81(8) . . ?  
C34 C35 C36 120.0(3) . . ?  
F8 C12 C11 118.5(3) . . ?  
F8 C12 C7 120.2(3) . . ?  
C11 C12 C7 121.3(3) . . ?  
F8 C12 I2 84.32(17) . . ?  
C11 C12 I2 157.1(2) . . ?  
C7 C12 I2 35.88(16) . . ?  
F8 C12 I2 72.73(16) . 2_654 ?  
C11 C12 I2 98.8(2) . 2_654 ?  
C7 C12 I2 97.2(2) . 2_654 ?  
I2 C12 I2 86.28(8) . 2_654 ?  
C37 C38 P2 110.5(2) . . ?  
C37 C38 S2 93.18(19) . . ?  
P2 C38 S2 34.95(7) . . ?  
C12 C7 C8 117.3(3) . . ?  
C12 C7 I2 121.4(2) . . ?  
C8 C7 I2 121.2(2) . . ?  
C15 C14 C13 120.1(3) . . ?  
C31 C36 C35 120.3(3) . . ?  
C16 C17 C18 120.1(3) . . ?  
C3 C4 C5 117.0(3) . . ?  
C3 C4 C10 122.0(3) . . ?  
C5 C4 C10 120.9(3) . . ?  
F6 C9 C8 118.5(3) . . ?  
F6 C9 C10 119.3(3) . . ?  
C8 C9 C10 122.2(3) . . ?  
C9 C10 C11 116.2(3) . . ?  
C9 C10 C4 121.5(3) . . ?  
C11 C10 C4 122.3(3) . . ?  
C17 C16 C15 120.3(3) . . ?  
C27 C26 C25 120.4(4) . . ?  
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C2 C1 C6 117.0(3) . . ?  
C2 C1 I1 122.1(2) . . ?  
C6 C1 I1 120.9(2) . . ?  
C33 C34 C35 120.2(3) . . ?  
F3 C5 C6 118.4(3) . . ?  
F3 C5 C4 120.4(3) . . ?  
C6 C5 C4 121.2(3) . . ?  
C22 C21 C20 120.5(3) . . ?  
C16 C15 C14 120.1(3) . . ?  
C29 C28 C27 120.0(4) . . ?  
C28 C27 C26 120.4(4) . . ?  
C25 C30 C29 120.2(4) . . ?  
C28 C29 C30 120.4(4) . . ?  
C24 C23 C22 120.4(4) . . ?  
F4 C6 C5 118.1(3) . . ?  
F4 C6 C1 120.2(3) . . ?  
C5 C6 C1 121.7(3) . . ?  
F4 C6 I1 84.09(17) . . ?  
C5 C6 I1 157.8(2) . . ?  
C1 C6 I1 36.14(17) . . ?  
  
_diffrn_measured_fraction_theta_max    0.974  
_diffrn_reflns_theta_full              26.37  
_diffrn_measured_fraction_theta_full   0.974  
_refine_diff_density_max    1.244  
_refine_diff_density_min   -0.679  






















_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,5-bis(diphenylphosphino)pentane-diselenide 
tetraiodoethylene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C60 H60 I4 P4 Se4'  
_chemical_formula_weight          1732.84  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Se'  'Se'  -0.0929   2.2259  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    9.4159(19)  
_cell_length_b                    9.5202(19)  
_cell_length_c                    17.718(4)  
_cell_angle_alpha                 90.17(3)  
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_cell_angle_beta                  99.02(3)  
_cell_angle_gamma                 93.58(3)  
_cell_volume                      1565.4(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     6340  
_cell_measurement_theta_min       2.1436  
_cell_measurement_theta_max       26.4445  
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'yellow'  
_exptl_crystal_size_max           0.20  
_exptl_crystal_size_mid           0.17  
_exptl_crystal_size_min           0.17  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.397  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1052  
_exptl_absorpt_coefficient_mu     6.431  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.5943  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             13867  
_diffrn_reflns_av_R_equivalents   0.0370  
_diffrn_reflns_av_sigmaI/netI     0.0426  
_diffrn_reflns_limit_h_min        -11  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        11  
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_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          2.33  
_diffrn_reflns_theta_max          26.40  
_reflns_number_total              6234  
_reflns_number_gt                 5521  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0615P)^2^+3.8140P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          6234  
_refine_ls_number_parameters      325  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0499  
_refine_ls_R_factor_gt            0.0442  
_refine_ls_wR_factor_ref          0.1207  
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_refine_ls_wR_factor_gt           0.1134  
_refine_ls_goodness_of_fit_ref    1.098  
_refine_ls_restrained_S_all       1.098  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.39455(3) 0.67986(3) 0.577550(18) 0.02599(11) Uani 1 1 d . . .  
I2 I 0.40609(4) 0.30840(3) 0.582437(19) 0.02919(11) Uani 1 1 d . . .  
Se1 Se 0.34239(6) 0.99088(5) 0.64948(3) 0.02921(14) Uani 1 1 d . . .  
Se2 Se 0.90598(6) 0.66493(6) 0.89422(3) 0.03704(16) Uani 1 1 d . . .  
P1 P 0.18148(13) 0.94613(13) 0.71902(7) 0.0217(3) Uani 1 1 d . . .  
P2 P 0.78567(13) 0.50892(14) 0.82213(7) 0.0241(3) Uani 1 1 d . . .  
C1 C 0.4621(5) 0.4981(5) 0.5295(3) 0.0254(10) Uani 1 1 d . . .  
C2 C 0.1904(5) 0.7698(5) 0.7579(3) 0.0247(10) Uani 1 1 d . . .  
H2A H 0.1226 0.7564 0.7936 0.030 Uiso 1 1 calc R . .  
H2B H 0.1641 0.7008 0.7169 0.030 Uiso 1 1 calc R . .  
C3 C 0.3430(5) 0.7483(6) 0.7988(3) 0.0295(11) Uani 1 1 d . . .  
H3A H 0.4102 0.7665 0.7632 0.035 Uiso 1 1 calc R . .  
H3B H 0.3671 0.8165 0.8403 0.035 Uiso 1 1 calc R . .  
C4 C 0.3618(6) 0.6023(6) 0.8307(4) 0.0345(12) Uani 1 1 d . . .  
H4A H 0.3222 0.5329 0.7916 0.041 Uiso 1 1 calc R . .  
H4B H 0.3091 0.5899 0.8733 0.041 Uiso 1 1 calc R . .  
C5 C 0.5211(6) 0.5787(6) 0.8576(3) 0.0334(12) Uani 1 1 d . . .  
H5A H 0.5286 0.4985 0.8913 0.040 Uiso 1 1 calc R . .  
H5B H 0.5666 0.6607 0.8865 0.040 Uiso 1 1 calc R . .  
C6 C 0.6009(6) 0.5523(6) 0.7904(3) 0.0304(11) Uani 1 1 d . . .  
H6A H 0.6007 0.6358 0.7591 0.037 Uiso 1 1 calc R . .  
H6B H 0.5502 0.4757 0.7589 0.037 Uiso 1 1 calc R . .  
C7 C 0.0016(5) 0.9615(5) 0.6694(3) 0.0254(10) Uani 1 1 d . . .  
C8 C -0.0183(6) 1.0426(6) 0.6030(3) 0.0348(12) Uani 1 1 d . . .  
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H8A H 0.0605 1.0829 0.5833 0.042 Uiso 1 1 calc R . .  
C9 C -0.1563(7) 1.0614(8) 0.5674(4) 0.0487(16) Uani 1 1 d . . .  
H9A H -0.1708 1.1172 0.5242 0.058 Uiso 1 1 calc R . .  
C10 C -0.2725(7) 0.9992(7) 0.5947(4) 0.0478(16) Uani 1 1 d . . .  
H10A H -0.3648 1.0111 0.5690 0.057 Uiso 1 1 calc R . .  
C11 C -0.2551(6) 0.9191(7) 0.6596(4) 0.0431(15) Uani 1 1 d . . .  
H11A H -0.3350 0.8787 0.6782 0.052 Uiso 1 1 calc R . .  
C12 C -0.1183(6) 0.8995(6) 0.6967(3) 0.0337(12) Uani 1 1 d . . .  
H12A H -0.1056 0.8445 0.7402 0.040 Uiso 1 1 calc R . .  
C13 C 0.2044(5) 1.0638(5) 0.8017(3) 0.0249(10) Uani 1 1 d . . .  
C14 C 0.3344(7) 1.1414(7) 0.8222(4) 0.0436(15) Uani 1 1 d . . .  
H14A H 0.4059 1.1388 0.7916 0.052 Uiso 1 1 calc R . .  
C15 C 0.3576(8) 1.2226(8) 0.8882(4) 0.0551(18) Uani 1 1 d . . .  
H15A H 0.4466 1.2707 0.9031 0.066 Uiso 1 1 calc R . .  
C16 C 0.2507(8) 1.2331(7) 0.9319(4) 0.0437(15) Uani 1 1 d . . .  
H16A H 0.2651 1.2922 0.9747 0.052 Uiso 1 1 calc R . .  
C17 C 0.1202(7) 1.1544(7) 0.9118(4) 0.0451(15) Uani 1 1 d . . .  
H17A H 0.0478 1.1592 0.9417 0.054 Uiso 1 1 calc R . .  
C18 C 0.0990(6) 1.0690(7) 0.8469(3) 0.0361(13) Uani 1 1 d . . .  
H18A H 0.0128 1.0150 0.8339 0.043 Uiso 1 1 calc R . .  
C19 C 0.7667(5) 0.3385(6) 0.8656(3) 0.0280(10) Uani 1 1 d . . .  
C20 C 0.7250(6) 0.2175(6) 0.8196(4) 0.0372(13) Uani 1 1 d . . .  
H20A H 0.7118 0.2243 0.7667 0.045 Uiso 1 1 calc R . .  
C21 C 0.7037(7) 0.0883(7) 0.8534(4) 0.0445(15) Uani 1 1 d . . .  
H21A H 0.6767 0.0085 0.8228 0.053 Uiso 1 1 calc R . .  
C22 C 0.7224(8) 0.0771(7) 0.9320(4) 0.0509(17) Uani 1 1 d . . .  
H22A H 0.7067 -0.0095 0.9544 0.061 Uiso 1 1 calc R . .  
C23 C 0.7642(7) 0.1950(8) 0.9767(4) 0.0480(16) Uani 1 1 d . . .  
H23A H 0.7769 0.1874 1.0296 0.058 Uiso 1 1 calc R . .  
C24 C 0.7880(6) 0.3252(6) 0.9445(3) 0.0317(11) Uani 1 1 d . . .  
H24A H 0.8182 0.4036 0.9757 0.038 Uiso 1 1 calc R . .  
C25 C 0.8645(5) 0.4778(5) 0.7375(3) 0.0251(10) Uani 1 1 d . . .  
C26 C 0.8079(6) 0.5267(7) 0.6668(3) 0.0370(13) Uani 1 1 d . . .  
H26A H 0.7223 0.5723 0.6606 0.044 Uiso 1 1 calc R . .  
C27 C 0.8790(7) 0.5078(7) 0.6050(3) 0.0434(14) Uani 1 1 d . . .  
H27A H 0.8411 0.5417 0.5574 0.052 Uiso 1 1 calc R . .  
C28 C 1.0040(6) 0.4399(7) 0.6132(3) 0.0391(13) Uani 1 1 d . . .  
H28A H 1.0507 0.4277 0.5713 0.047 Uiso 1 1 calc R . .  
C29 C 1.0606(7) 0.3897(6) 0.6836(3) 0.0377(13) Uani 1 1 d . . .  
H29A H 1.1453 0.3428 0.6893 0.045 Uiso 1 1 calc R . .  
C30 C 0.9921(6) 0.4087(6) 0.7451(3) 0.0302(11) Uani 1 1 d . . .  





 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.02802(18) 0.02431(19) 0.02676(19) -0.00114(13) 0.00619(13) 0.00578(13)  
I2 0.0340(2) 0.02437(19) 0.0316(2) 0.00329(13) 0.01139(14) 0.00448(14)  
Se1 0.0316(3) 0.0242(3) 0.0348(3) 0.0037(2) 0.0134(2) 0.0044(2)  
Se2 0.0389(3) 0.0415(3) 0.0301(3) -0.0071(2) 0.0075(2) -0.0075(2)  
P1 0.0206(5) 0.0206(6) 0.0245(6) 0.0017(5) 0.0040(5) 0.0034(4)  
P2 0.0234(6) 0.0279(6) 0.0213(6) 0.0010(5) 0.0033(5) 0.0036(5)  
C1 0.025(2) 0.021(2) 0.030(3) -0.0016(19) 0.0037(19) 0.0060(18)  
C2 0.024(2) 0.020(2) 0.030(3) 0.0033(19) 0.0035(19) 0.0042(18)  
C3 0.022(2) 0.035(3) 0.032(3) 0.008(2) 0.004(2) 0.006(2)  
C4 0.027(3) 0.033(3) 0.046(3) 0.015(2) 0.009(2) 0.011(2)  
C5 0.031(3) 0.038(3) 0.032(3) 0.007(2) 0.003(2) 0.014(2)  
C6 0.028(3) 0.032(3) 0.031(3) 0.000(2) 0.002(2) 0.009(2)  
C7 0.023(2) 0.022(2) 0.028(3) -0.0006(19) -0.0062(19) 0.0046(18)  
C8 0.032(3) 0.037(3) 0.036(3) 0.005(2) 0.006(2) 0.006(2)  
C9 0.043(3) 0.059(4) 0.041(4) 0.011(3) -0.007(3) 0.017(3)  
C10 0.032(3) 0.058(4) 0.049(4) -0.003(3) -0.008(3) 0.010(3)  
C11 0.026(3) 0.054(4) 0.044(3) -0.008(3) -0.005(2) -0.005(3)  
C12 0.029(3) 0.035(3) 0.036(3) 0.000(2) 0.001(2) 0.004(2)  
C13 0.027(2) 0.021(2) 0.027(2) -0.0006(19) 0.0023(19) 0.0043(19)  
C14 0.033(3) 0.050(4) 0.047(4) -0.010(3) 0.009(3) -0.011(3)  
C15 0.056(4) 0.050(4) 0.055(4) -0.021(3) 0.006(3) -0.021(3)  
C16 0.059(4) 0.039(3) 0.031(3) -0.004(2) -0.003(3) 0.007(3)  
C17 0.042(3) 0.061(4) 0.033(3) -0.013(3) 0.006(3) 0.013(3)  
C18 0.028(3) 0.048(3) 0.032(3) -0.010(2) 0.004(2) 0.003(2)  
C19 0.022(2) 0.034(3) 0.029(3) 0.007(2) 0.0055(19) 0.004(2)  
C20 0.031(3) 0.039(3) 0.041(3) -0.001(2) 0.005(2) 0.005(2)  
C21 0.046(3) 0.034(3) 0.054(4) 0.003(3) 0.012(3) -0.006(3)  
C22 0.053(4) 0.037(3) 0.063(4) 0.019(3) 0.012(3) 0.002(3)  
C23 0.044(3) 0.063(4) 0.039(3) 0.021(3) 0.008(3) 0.007(3)  
C24 0.031(3) 0.040(3) 0.026(3) 0.009(2) 0.008(2) 0.006(2)  
C25 0.025(2) 0.026(2) 0.025(2) -0.0011(19) 0.0060(19) 0.0004(19)  
C26 0.033(3) 0.051(4) 0.027(3) 0.005(2) 0.000(2) 0.008(3)  
C27 0.041(3) 0.063(4) 0.027(3) 0.006(3) 0.006(2) 0.011(3)  
C28 0.037(3) 0.053(4) 0.030(3) -0.006(3) 0.016(2) -0.002(3)  
C29 0.037(3) 0.038(3) 0.039(3) -0.003(2) 0.009(2) 0.008(2)  






 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.103(5) . ?  
I1 C1 3.059(5) 2_666 ?  
I1 Se1 3.3148(10) . ?  
I1 I2 3.5457(8) . ?  
I1 I2 3.6352(10) 2_666 ?  
I2 C1 2.114(5) . ?  
I2 C1 3.061(5) 2_666 ?  
I2 Se1 3.3055(10) 1_545 ?  
I2 I1 3.6352(10) 2_666 ?  
Se1 P1 2.1220(15) . ?  
Se1 I2 3.3055(10) 1_565 ?  
Se2 P2 2.1086(16) . ?  
P1 C7 1.797(5) . ?  
P1 C2 1.819(5) . ?  
P1 C13 1.819(5) . ?  
P2 C25 1.806(5) . ?  
P2 C19 1.809(5) . ?  
P2 C6 1.816(5) . ?  
C1 C1 1.354(11) 2_666 ?  
C1 I1 3.059(5) 2_666 ?  
C1 I2 3.061(5) 2_666 ?  
C2 C3 1.531(6) . ?  
C3 C4 1.512(7) . ?  
C4 C5 1.532(7) . ?  
C5 C6 1.532(8) . ?  
C7 C12 1.396(8) . ?  
C7 C8 1.403(8) . ?  
C8 C9 1.375(8) . ?  
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C9 C10 1.367(10) . ?  
C10 C11 1.375(10) . ?  
C11 C12 1.375(8) . ?  
C13 C18 1.372(8) . ?  
C13 C14 1.386(7) . ?  
C14 C15 1.380(9) . ?  
C15 C16 1.371(11) . ?  
C16 C17 1.394(9) . ?  
C17 C18 1.387(8) . ?  
C19 C24 1.387(7) . ?  
C19 C20 1.408(8) . ?  
C20 C21 1.386(9) . ?  
C21 C22 1.381(10) . ?  
C22 C23 1.373(10) . ?  
C23 C24 1.387(8) . ?  
C25 C26 1.376(7) . ?  
C25 C30 1.394(7) . ?  
C26 C27 1.387(9) . ?  
C27 C28 1.366(9) . ?  
C28 C29 1.377(9) . ?  
C29 C30 1.367(8) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 C1 21.8(2) . 2_666 ?  
C1 I1 Se1 170.26(14) . . ?  
C1 I1 Se1 150.10(10) 2_666 . ?  
C1 I1 I2 32.86(14) . . ?  
C1 I1 I2 54.63(10) 2_666 . ?  
Se1 I1 I2 153.792(17) . . ?  
C1 I1 I2 57.28(14) . 2_666 ?  
C1 I1 I2 35.51(10) 2_666 2_666 ?  
Se1 I1 I2 115.12(3) . 2_666 ?  
I2 I1 I2 90.13(3) . 2_666 ?  
C1 I2 C1 21.9(2) . 2_666 ?  
C1 I2 Se1 172.38(14) . 1_545 ?  
C1 I2 Se1 150.48(10) 2_666 1_545 ?  
C1 I2 I1 32.66(14) . . ?  
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C1 I2 I1 54.57(10) 2_666 . ?  
Se1 I2 I1 154.936(18) 1_545 . ?  
C1 I2 I1 57.20(14) . 2_666 ?  
C1 I2 I1 35.30(9) 2_666 2_666 ?  
Se1 I2 I1 115.19(3) 1_545 2_666 ?  
I1 I2 I1 89.87(3) . 2_666 ?  
P1 Se1 I2 122.50(4) . 1_565 ?  
P1 Se1 I1 104.05(5) . . ?  
I2 Se1 I1 129.11(2) 1_565 . ?  
C7 P1 C2 107.5(2) . . ?  
C7 P1 C13 107.0(2) . . ?  
C2 P1 C13 105.3(2) . . ?  
C7 P1 Se1 113.25(18) . . ?  
C2 P1 Se1 111.83(18) . . ?  
C13 P1 Se1 111.52(17) . . ?  
C25 P2 C19 105.5(2) . . ?  
C25 P2 C6 107.1(2) . . ?  
C19 P2 C6 103.6(2) . . ?  
C25 P2 Se2 112.16(17) . . ?  
C19 P2 Se2 114.70(18) . . ?  
C6 P2 Se2 112.97(19) . . ?  
C1 C1 I1 123.1(5) 2_666 . ?  
C1 C1 I2 122.5(5) 2_666 . ?  
I1 C1 I2 114.5(2) . . ?  
C1 C1 I1 35.2(3) 2_666 2_666 ?  
I1 C1 I1 158.2(2) . 2_666 ?  
I2 C1 I1 87.29(16) . 2_666 ?  
C1 C1 I2 35.6(3) 2_666 2_666 ?  
I1 C1 I2 87.43(16) . 2_666 ?  
I2 C1 I2 158.1(2) . 2_666 ?  
I1 C1 I2 70.80(12) 2_666 2_666 ?  
C3 C2 P1 110.0(3) . . ?  
C4 C3 C2 113.7(4) . . ?  
C3 C4 C5 111.2(5) . . ?  
C4 C5 C6 111.8(5) . . ?  
C5 C6 P2 112.0(4) . . ?  
C12 C7 C8 119.5(5) . . ?  
C12 C7 P1 121.7(4) . . ?  
C8 C7 P1 118.8(4) . . ?  
C9 C8 C7 118.9(6) . . ?  
C10 C9 C8 120.8(6) . . ?  
C9 C10 C11 121.1(6) . . ?  
C12 C11 C10 119.3(6) . . ?  
C11 C12 C7 120.4(6) . . ?  
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C18 C13 C14 119.7(5) . . ?  
C18 C13 P1 120.9(4) . . ?  
C14 C13 P1 119.2(4) . . ?  
C15 C14 C13 119.9(6) . . ?  
C16 C15 C14 120.7(6) . . ?  
C15 C16 C17 119.5(6) . . ?  
C18 C17 C16 119.7(6) . . ?  
C13 C18 C17 120.4(5) . . ?  
C24 C19 C20 118.9(5) . . ?  
C24 C19 P2 120.8(4) . . ?  
C20 C19 P2 120.2(4) . . ?  
C21 C20 C19 119.9(6) . . ?  
C22 C21 C20 120.5(6) . . ?  
C23 C22 C21 119.4(6) . . ?  
C22 C23 C24 121.2(6) . . ?  
C19 C24 C23 119.9(6) . . ?  
C26 C25 C30 119.0(5) . . ?  
C26 C25 P2 122.4(4) . . ?  
C30 C25 P2 118.5(4) . . ?  
C25 C26 C27 119.7(6) . . ?  
C28 C27 C26 120.9(6) . . ?  
C27 C28 C29 119.7(6) . . ?  
C30 C29 C28 120.0(6) . . ?  
C29 C30 C25 120.8(5) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
Se1 P1 P2 Se2 84.09(6) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.972  
_diffrn_reflns_theta_full              26.40  
_diffrn_measured_fraction_theta_full   0.972  
_refine_diff_density_max    2.051  
_refine_diff_density_min   -1.165  





_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,5-bis(diphenylphosphino)pentane-disulfide 
tetraiodoethylene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C60 H60 I4 P4 S4'  
_chemical_formula_weight          1540.89  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    9.4024(25)  
_cell_length_b                    9.4278(25)  
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_cell_length_c                    17.6082(614)  
_cell_angle_alpha                 90.26(23)  
_cell_angle_beta                  97.91(23)  
_cell_angle_gamma                 94.21(16)  
_cell_volume                      1541.7(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     4825  
_cell_measurement_theta_min       2.1663  
_cell_measurement_theta_max       26.3910  
  
_exptl_crystal_description        'parallelepiped'  
_exptl_crystal_colour             'yellow'  
_exptl_crystal_size_max           0.36  
_exptl_crystal_size_mid           0.36  
_exptl_crystal_size_min           0.36  
_exptl_crystal_density_meas       0.36  
_exptl_crystal_density_diffrn     2.269  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              998  
_exptl_absorpt_coefficient_mu     4.309  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.7471  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             12188  
_diffrn_reflns_av_R_equivalents   0.0422  
_diffrn_reflns_av_sigmaI/netI     0.0658  
_diffrn_reflns_limit_h_min        -11  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -11  
481 
 
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        19  
_diffrn_reflns_theta_min          2.17  
_diffrn_reflns_theta_max          26.35  
_reflns_number_total              6167  
_reflns_number_gt                 4607  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0871P)^2^+0.6687P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     Calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          6167  
_refine_ls_number_parameters      325  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0758  
_refine_ls_R_factor_gt            0.0565  
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_refine_ls_wR_factor_ref          0.1687  
_refine_ls_wR_factor_gt           0.1476  
_refine_ls_goodness_of_fit_ref    1.075  
_refine_ls_restrained_S_all       1.075  
_refine_ls_shift/su_max           0.012  
_refine_ls_shift/su_mean          0.002  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.40560(5) 0.80540(4) 0.08312(3) 0.04015(17) Uani 1 1 d . . .  
I2 I 0.39240(5) 1.17917(4) 0.07879(2) 0.03617(16) Uani 1 1 d . . .  
P1 P 0.17888(18) 0.44942(16) 0.21757(10) 0.0303(4) Uani 1 1 d . . .  
P2 P 0.78584(19) 0.01764(18) 0.32508(10) 0.0331(4) Uani 1 1 d . . .  
S1 S 0.3271(2) 0.48759(17) 0.14977(10) 0.0380(4) Uani 1 1 d . . .  
S2 S 0.8959(2) 0.1652(2) 0.39177(11) 0.0473(5) Uani 1 1 d . . .  
C6 C -0.0024(8) 0.4638(6) 0.1695(4) 0.0352(15) Uani 1 1 d . . .  
C2 C 0.3413(8) 0.2552(7) 0.2993(4) 0.0390(16) Uani 1 1 d . . .  
H2A H 0.4091 0.2730 0.2630 0.047 Uiso 1 1 calc R . .  
H2B H 0.3644 0.3257 0.3403 0.047 Uiso 1 1 calc R . .  
C1 C 0.1879(7) 0.2732(6) 0.2585(4) 0.0346(14) Uani 1 1 d . . .  
H1A H 0.1196 0.2603 0.2949 0.041 Uiso 1 1 calc R . .  
H1B H 0.1626 0.2016 0.2183 0.041 Uiso 1 1 calc R . .  
C8 C 0.2039(7) 0.5689(6) 0.2995(4) 0.0331(14) Uani 1 1 d . . .  
C11 C 0.7681(7) -0.1550(7) 0.3700(4) 0.0375(15) Uani 1 1 d . . .  
C10 C 0.9914(8) -0.0868(7) 0.2463(4) 0.0410(16) Uani 1 1 d . . .  
H10A H 1.0287 -0.1208 0.2939 0.049 Uiso 1 1 calc R . .  
C4 C 0.5191(7) 0.0873(8) 0.3604(4) 0.0390(16) Uani 1 1 d . . .  
H4A H 0.5633 0.1718 0.3883 0.047 Uiso 1 1 calc R . .  
H4B H 0.5250 0.0081 0.3954 0.047 Uiso 1 1 calc R . .  
C13 C 0.7928(8) -0.1655(8) 0.4494(4) 0.0428(17) Uani 1 1 d . . .  
H13A H 0.8240 -0.0853 0.4798 0.051 Uiso 1 1 calc R . .  
C3 C 0.3590(8) 0.1088(7) 0.3325(4) 0.0401(16) Uani 1 1 d . . .  
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H3A H 0.3212 0.0373 0.2937 0.048 Uiso 1 1 calc R . .  
H3B H 0.3042 0.0967 0.3751 0.048 Uiso 1 1 calc R . .  
C9 C 0.0993(8) 0.5773(8) 0.3472(5) 0.0475(18) Uani 1 1 d . . .  
H9A H 0.0111 0.5251 0.3356 0.057 Uiso 1 1 calc R . .  
C5 C 0.6019(8) 0.0584(8) 0.2944(4) 0.0417(16) Uani 1 1 d . . .  
H5A H 0.6023 0.1411 0.2619 0.050 Uiso 1 1 calc R . .  
H5B H 0.5521 -0.0208 0.2638 0.050 Uiso 1 1 calc R . .  
C12 C 0.7247(8) -0.2770(8) 0.3254(5) 0.0472(18) Uani 1 1 d . . .  
H12A H 0.7104 -0.2702 0.2723 0.057 Uiso 1 1 calc R . .  
C7 C -0.1221(9) 0.4060(8) 0.2001(5) 0.0496(19) Uani 1 1 d . . .  
H7A H -0.1095 0.3538 0.2450 0.059 Uiso 1 1 calc R . .  
C31 C 0.4629(7) 0.9966(6) 0.0301(4) 0.0328(14) Uani 1 1 d . . .  
C22 C 0.8662(8) -0.0146(7) 0.2388(4) 0.0365(15) Uani 1 1 d . . .  
C19 C 0.2575(10) 0.7406(7) 0.4312(4) 0.050(2) Uani 1 1 d . . .  
H19A H 0.2753 0.7977 0.4752 0.060 Uiso 1 1 calc R . .  
C25 C 1.0031(9) -0.0578(9) 0.1127(5) 0.052(2) Uani 1 1 d . . .  
H25A H 1.0499 -0.0715 0.0703 0.062 Uiso 1 1 calc R . .  
C17 C -0.0210(9) 0.5414(9) 0.1019(4) 0.0476(18) Uani 1 1 d . . .  
H17A H 0.0583 0.5802 0.0809 0.057 Uiso 1 1 calc R . .  
C27 C 1.0595(8) -0.1077(8) 0.1838(5) 0.0488(19) Uani 1 1 d . . .  
H27A H 1.1434 -0.1552 0.1889 0.059 Uiso 1 1 calc R . .  
C21 C 0.3340(9) 0.6480(8) 0.3189(5) 0.0503(19) Uani 1 1 d . . .  
H21A H 0.4050 0.6446 0.2872 0.060 Uiso 1 1 calc R . .  
C14 C -0.2586(9) 0.4251(9) 0.1650(6) 0.060(2) Uani 1 1 d . . .  
H14A H -0.3380 0.3872 0.1862 0.072 Uiso 1 1 calc R . .  
C23 C 0.8089(9) 0.0327(9) 0.1689(4) 0.0481(19) Uani 1 1 d . . .  
H23A H 0.7240 0.0788 0.1638 0.058 Uiso 1 1 calc R . .  
C18 C 0.1264(10) 0.6639(9) 0.4127(5) 0.057(2) Uani 1 1 d . . .  
H18A H 0.0554 0.6700 0.4443 0.068 Uiso 1 1 calc R . .  
C28 C 0.7703(9) -0.2983(9) 0.4833(5) 0.056(2) Uani 1 1 d . . .  
H28A H 0.7853 -0.3065 0.5363 0.068 Uiso 1 1 calc R . .  
C15 C -0.2780(10) 0.5019(9) 0.0970(5) 0.058(2) Uani 1 1 d . . .  
H15A H -0.3704 0.5137 0.0726 0.070 Uiso 1 1 calc R . .  
C24 C 0.8788(9) 0.0115(11) 0.1046(5) 0.058(2) Uani 1 1 d . . .  
H24A H 0.8410 0.0442 0.0568 0.070 Uiso 1 1 calc R . .  
C16 C -0.1602(10) 0.5598(10) 0.0664(5) 0.063(2) Uani 1 1 d . . .  
H16A H -0.1736 0.6118 0.0216 0.075 Uiso 1 1 calc R . .  
C20 C 0.3604(11) 0.7319(9) 0.3845(5) 0.061(2) Uani 1 1 d . . .  
H20A H 0.4492 0.7828 0.3969 0.073 Uiso 1 1 calc R . .  
C30 C 0.7028(10) -0.4064(9) 0.3583(5) 0.058(2) Uani 1 1 d . . .  
H30A H 0.6727 -0.4867 0.3278 0.070 Uiso 1 1 calc R . .  
C29 C 0.7257(10) -0.4168(10) 0.4371(6) 0.065(3) Uani 1 1 d . . .  





 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0469(3) 0.0309(2) 0.0469(3) 0.00611(19) 0.0184(2) 0.0085(2)  
I2 0.0395(3) 0.0312(2) 0.0404(3) -0.00045(18) 0.0111(2) 0.00928(19)  
P1 0.0301(9) 0.0251(7) 0.0370(9) 0.0043(6) 0.0057(7) 0.0075(6)  
P2 0.0297(9) 0.0355(8) 0.0354(9) 0.0022(7) 0.0064(7) 0.0068(7)  
S1 0.0426(10) 0.0316(8) 0.0436(10) 0.0033(7) 0.0178(8) 0.0066(7)  
S2 0.0484(12) 0.0501(10) 0.0436(10) -0.0083(8) 0.0108(9) -0.0031(9)  
C6 0.040(4) 0.030(3) 0.036(4) -0.005(3) 0.000(3) 0.010(3)  
C2 0.033(4) 0.035(3) 0.052(4) 0.005(3) 0.013(3) 0.007(3)  
C1 0.032(4) 0.026(3) 0.048(4) -0.002(3) 0.014(3) 0.004(3)  
C8 0.036(4) 0.029(3) 0.035(3) 0.009(2) 0.003(3) 0.008(3)  
C11 0.027(3) 0.039(3) 0.049(4) 0.013(3) 0.011(3) 0.010(3)  
C10 0.045(4) 0.047(4) 0.034(4) 0.009(3) 0.014(3) 0.010(3)  
C4 0.035(4) 0.046(4) 0.037(4) 0.014(3) 0.003(3) 0.012(3)  
C13 0.042(4) 0.057(4) 0.030(4) 0.010(3) 0.005(3) 0.008(3)  
C3 0.036(4) 0.042(4) 0.046(4) 0.011(3) 0.013(3) 0.014(3)  
C9 0.031(4) 0.053(4) 0.059(5) -0.009(4) 0.011(3) 0.000(3)  
C5 0.039(4) 0.045(4) 0.045(4) 0.000(3) 0.010(3) 0.018(3)  
C12 0.042(4) 0.046(4) 0.054(5) 0.006(3) 0.010(4) -0.002(3)  
C7 0.043(5) 0.044(4) 0.064(5) 0.001(4) 0.013(4) 0.000(3)  
C31 0.037(4) 0.023(3) 0.041(4) 0.001(2) 0.011(3) 0.006(3)  
C22 0.041(4) 0.032(3) 0.040(4) -0.004(3) 0.016(3) 0.000(3)  
C19 0.069(6) 0.036(4) 0.042(4) -0.012(3) -0.009(4) 0.013(4)  
C25 0.054(5) 0.060(5) 0.043(4) -0.009(4) 0.015(4) 0.001(4)  
C17 0.042(4) 0.064(5) 0.037(4) 0.009(3) -0.001(3) 0.016(4)  
C27 0.039(4) 0.054(4) 0.059(5) 0.002(4) 0.020(4) 0.016(4)  
C21 0.041(4) 0.055(4) 0.055(5) -0.013(4) 0.013(4) -0.006(4)  
C14 0.038(5) 0.064(5) 0.075(6) -0.007(4) 0.002(4) -0.003(4)  
C23 0.042(4) 0.070(5) 0.033(4) -0.005(3) 0.004(3) 0.014(4)  
C18 0.058(6) 0.076(6) 0.041(4) -0.010(4) 0.011(4) 0.024(5)  
C28 0.055(5) 0.062(5) 0.054(5) 0.021(4) 0.007(4) 0.019(4)  
C15 0.043(5) 0.060(5) 0.069(6) -0.006(4) -0.011(4) 0.014(4)  
C24 0.043(5) 0.101(7) 0.033(4) 0.001(4) 0.011(3) 0.014(5)  
C16 0.060(6) 0.073(6) 0.051(5) 0.001(4) -0.016(4) 0.022(5)  
C20 0.077(7) 0.051(5) 0.051(5) -0.020(4) 0.015(5) -0.028(4)  
C30 0.064(6) 0.042(4) 0.071(6) 0.006(4) 0.022(5) -0.002(4)  






 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C31 2.104(6) . ?  
I1 C31 3.059(6) 2_675 ?  
I1 S1 3.2932(18) . ?  
I1 I2 3.5359(9) . ?  
I1 I2 3.6346(11) 2_675 ?  
I2 C31 2.109(6) . ?  
I2 C31 3.048(6) 2_675 ?  
I2 S1 3.2918(19) 1_565 ?  
I2 I1 3.6346(11) 2_675 ?  
P1 C8 1.805(7) . ?  
P1 C6 1.811(7) . ?  
P1 C1 1.817(6) . ?  
P1 S1 1.971(2) . ?  
P2 C5 1.809(7) . ?  
P2 C11 1.820(6) . ?  
P2 C22 1.821(7) . ?  
P2 S2 1.955(3) . ?  
S1 C1 3.131(6) . ?  
S1 C8 3.135(7) . ?  
S1 C6 3.157(7) . ?  
S1 I2 3.2917(19) 1_545 ?  
S2 C22 3.144(7) . ?  
S2 C5 3.142(8) . ?  
S2 C11 3.168(7) . ?  
C6 C7 1.391(10) . ?  
C6 C17 1.398(9) . ?  
C2 C3 1.512(9) . ?  
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C2 C1 1.541(10) . ?  
C8 C9 1.385(9) . ?  
C8 C21 1.385(10) . ?  
C11 C13 1.392(10) . ?  
C11 C12 1.392(11) . ?  
C10 C27 1.369(10) . ?  
C10 C22 1.393(10) . ?  
C4 C5 1.520(9) . ?  
C4 C3 1.546(9) . ?  
C13 C28 1.403(10) . ?  
C9 C18 1.393(11) . ?  
C12 C30 1.367(10) . ?  
C7 C14 1.371(12) . ?  
C31 C31 1.344(12) 2_675 ?  
C31 I2 3.048(6) 2_675 ?  
C31 I1 3.059(6) 2_675 ?  
C22 C23 1.365(10) . ?  
C19 C18 1.380(12) . ?  
C19 C20 1.360(12) . ?  
C25 C24 1.371(12) . ?  
C25 C27 1.389(11) . ?  
C17 C16 1.393(11) . ?  
C21 C20 1.380(10) . ?  
C14 C15 1.398(13) . ?  
C23 C24 1.406(10) . ?  
C28 C29 1.384(13) . ?  
C15 C16 1.376(13) . ?  
C30 C29 1.380(13) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C31 I1 C31 21.5(3) . 2_675 ?  
C31 I1 S1 173.59(17) . . ?  
C31 I1 S1 152.19(12) 2_675 . ?  
C31 I1 I2 32.98(17) . . ?  
C31 I1 I2 54.48(11) 2_675 . ?  
S1 I1 I2 153.26(3) . . ?  
C31 I1 I2 56.92(17) . 2_675 ?  
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C31 I1 I2 35.43(11) 2_675 2_675 ?  
S1 I1 I2 116.79(4) . 2_675 ?  
I2 I1 I2 89.91(3) . 2_675 ?  
C31 I2 C31 21.9(3) . 2_675 ?  
C31 I2 S1 171.62(18) . 1_565 ?  
C31 I2 S1 151.02(12) 2_675 1_565 ?  
C31 I2 I1 32.88(16) . . ?  
C31 I2 I1 54.76(11) 2_675 . ?  
S1 I2 I1 153.42(3) 1_565 . ?  
C31 I2 I1 57.21(17) . 2_675 ?  
C31 I2 I1 35.33(11) 2_675 2_675 ?  
S1 I2 I1 115.96(4) 1_565 2_675 ?  
I1 I2 I1 90.09(3) . 2_675 ?  
C8 P1 C6 107.1(3) . . ?  
C8 P1 C1 104.5(3) . . ?  
C6 P1 C1 108.0(3) . . ?  
C8 P1 S1 112.2(2) . . ?  
C6 P1 S1 113.1(2) . . ?  
C1 P1 S1 111.4(2) . . ?  
C5 P2 C11 104.0(3) . . ?  
C5 P2 C22 107.1(3) . . ?  
C11 P2 C22 105.3(3) . . ?  
C5 P2 S2 113.1(3) . . ?  
C11 P2 S2 114.0(3) . . ?  
C22 P2 S2 112.7(2) . . ?  
P1 S1 C1 32.71(12) . . ?  
P1 S1 C8 32.21(14) . . ?  
C1 S1 C8 54.41(16) . . ?  
P1 S1 C6 31.84(13) . . ?  
C1 S1 C6 55.65(17) . . ?  
C8 S1 C6 55.06(18) . . ?  
P1 S1 I2 107.12(8) . 1_545 ?  
C1 S1 I2 78.13(12) . 1_545 ?  
C8 S1 I2 131.96(12) . 1_545 ?  
C6 S1 I2 106.17(13) . 1_545 ?  
P1 S1 I1 123.13(8) . . ?  
C1 S1 I1 154.62(13) . . ?  
C8 S1 I1 100.74(12) . . ?  
C6 S1 I1 108.03(12) . . ?  
I2 S1 I1 127.12(5) 1_545 . ?  
P2 S2 C22 32.30(13) . . ?  
P2 S2 C5 32.00(14) . . ?  
C22 S2 C5 55.35(18) . . ?  
P2 S2 C11 31.64(14) . . ?  
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C22 S2 C11 54.56(17) . . ?  
C5 S2 C11 53.90(18) . . ?  
C7 C6 C17 119.8(7) . . ?  
C7 C6 P1 121.7(6) . . ?  
C17 C6 P1 118.3(6) . . ?  
C7 C6 S1 153.8(5) . . ?  
C17 C6 S1 85.1(5) . . ?  
P1 C6 S1 35.05(15) . . ?  
C3 C2 C1 113.1(6) . . ?  
C2 C1 P1 109.9(4) . . ?  
C2 C1 S1 87.5(4) . . ?  
P1 C1 S1 35.88(14) . . ?  
C9 C8 C21 118.2(7) . . ?  
C9 C8 P1 121.7(5) . . ?  
C21 C8 P1 120.0(5) . . ?  
C9 C8 S1 155.9(5) . . ?  
C21 C8 S1 85.4(4) . . ?  
P1 C8 S1 35.60(14) . . ?  
C13 C11 C12 119.4(6) . . ?  
C13 C11 P2 120.2(6) . . ?  
C12 C11 P2 120.4(6) . . ?  
C13 C11 S2 87.3(5) . . ?  
C12 C11 S2 152.3(5) . . ?  
P2 C11 S2 34.32(16) . . ?  
C27 C10 C22 120.0(7) . . ?  
C5 C4 C3 112.1(6) . . ?  
C11 C13 C28 119.4(8) . . ?  
C2 C3 C4 111.2(6) . . ?  
C8 C9 C18 120.0(7) . . ?  
C4 C5 P2 113.5(5) . . ?  
C4 C5 S2 91.8(4) . . ?  
P2 C5 S2 34.94(17) . . ?  
C30 C12 C11 121.3(8) . . ?  
C14 C7 C6 120.7(8) . . ?  
C31 C31 I1 123.5(6) 2_675 . ?  
C31 C31 I2 122.3(6) 2_675 . ?  
I1 C31 I2 114.1(3) . . ?  
C31 C31 I2 35.8(4) 2_675 2_675 ?  
I1 C31 I2 87.74(19) . 2_675 ?  
I2 C31 I2 158.1(3) . 2_675 ?  
C31 C31 I1 35.0(4) 2_675 2_675 ?  
I1 C31 I1 158.5(3) . 2_675 ?  
I2 C31 I1 87.36(19) . 2_675 ?  
I2 C31 I1 70.76(13) 2_675 2_675 ?  
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C23 C22 C10 120.4(6) . . ?  
C23 C22 P2 121.7(5) . . ?  
C10 C22 P2 117.9(5) . . ?  
C23 C22 S2 124.0(5) . . ?  
C10 C22 S2 103.7(5) . . ?  
P2 C22 S2 35.01(15) . . ?  
C18 C19 C20 119.3(7) . . ?  
C24 C25 C27 120.4(7) . . ?  
C16 C17 C6 119.0(8) . . ?  
C10 C27 C25 120.0(7) . . ?  
C20 C21 C8 121.3(7) . . ?  
C7 C14 C15 119.8(8) . . ?  
C22 C23 C24 119.7(7) . . ?  
C19 C18 C9 120.7(8) . . ?  
C29 C28 C13 119.5(8) . . ?  
C16 C15 C14 119.9(8) . . ?  
C25 C24 C23 119.6(8) . . ?  
C15 C16 C17 120.8(8) . . ?  
C19 C20 C21 120.5(8) . . ?  
C12 C30 C29 119.4(9) . . ?  
C28 C29 C30 121.0(8) . . ?  
  
_diffrn_measured_fraction_theta_max    0.982  
_diffrn_reflns_theta_full              26.35  
_diffrn_measured_fraction_theta_full   0.982  
_refine_diff_density_max    2.377  
_refine_diff_density_min   -1.242  























_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,2-bis(diphenylphosphino)ethane dioxide 1,4-
diiodotetrafluorobenzene'   
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C32 H28 F4 I2 O2 P2'  
_chemical_formula_weight          836.31  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'C2/c'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y, -z+1/2'  
 'x+1/2, y+1/2, z'  
491 
 
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y, z-1/2'  
 '-x+1/2, -y+1/2, -z'  
 'x+1/2, -y+1/2, z-1/2'  
  
_cell_length_a                    25.617(5)  
_cell_length_b                    6.0871(12)  
_cell_length_c                    21.751(4)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  117.26(3)  
_cell_angle_gamma                 90.00  
_cell_volume                      3015.1(10)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     173.15000  
_cell_measurement_reflns_used     45  
_cell_measurement_theta_min       2.8289  
_cell_measurement_theta_max       26.3714  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.22  
_exptl_crystal_size_mid           0.18  
_exptl_crystal_size_min           0.10  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.781  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1576  
_exptl_absorpt_coefficient_mu     2.239  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.7175  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
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_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          ?  
_diffrn_standards_interval_count  ?  
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_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             13851  
_diffrn_reflns_av_R_equivalents   0.0754  
_diffrn_reflns_av_sigmaI/netI     0.0499  
_diffrn_reflns_limit_h_min        -31  
_diffrn_reflns_limit_h_max        28  
_diffrn_reflns_limit_k_min        -7  
_diffrn_reflns_limit_k_max        7  
_diffrn_reflns_limit_l_min        -26  
_diffrn_reflns_limit_l_max        27  
_diffrn_reflns_theta_min          3.33  
_diffrn_reflns_theta_max          26.39  
_reflns_number_total              3068  
_reflns_number_gt                 2358  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0001P)^2^+105.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
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_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3068  
_refine_ls_number_parameters      190  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0912  
_refine_ls_R_factor_gt            0.0710  
_refine_ls_wR_factor_ref          0.1424  
_refine_ls_wR_factor_gt           0.1299  
_refine_ls_goodness_of_fit_ref    1.027  
_refine_ls_restrained_S_all       1.027  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.14402(2) 0.48096(10) 0.04080(3) 0.0409(2) Uani 1 1 d . . .  
P1 P 0.04882(9) 0.8348(4) 0.10099(11) 0.0369(5) Uani 1 1 d . . .  
F2 F 0.2199(2) 0.0366(8) 0.0888(3) 0.0473(12) Uani 1 1 d . . .  
F1 F 0.2004(2) 0.6397(8) -0.0579(3) 0.0484(13) Uani 1 1 d . . .  
C4 C 0.1104(3) 0.9546(13) 0.1746(4) 0.0298(16) Uani 1 1 d . . .  
C1 C 0.2072(3) 0.3447(13) 0.0166(4) 0.0335(17) Uani 1 1 d . . .  
C16 C 0.0277(3) 1.0355(16) 0.0322(4) 0.040(2) Uani 1 1 d . . .  
H16A H 0.0206 1.1757 0.0482 0.048 Uiso 1 1 calc R . .  
H16B H 0.0595 1.0546 0.0203 0.048 Uiso 1 1 calc R . .  
C2 C 0.2251(4) 0.4477(13) -0.0282(4) 0.0363(18) Uani 1 1 d . . .  
C6 C 0.1555(4) 1.2424(14) 0.2587(5) 0.041(2) Uani 1 1 d . . .  
H6A H 0.1534 1.3801 0.2760 0.049 Uiso 1 1 calc R . .  
C10 C -0.0107(3) 0.8282(14) 0.1237(4) 0.0343(17) Uani 1 1 d . . .  
C15 C -0.0197(4) 0.6305(15) 0.1510(5) 0.044(2) Uani 1 1 d . . .  
H15A H 0.0041 0.5096 0.1562 0.053 Uiso 1 1 calc R . .  
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C3 C 0.2338(4) 0.1459(13) 0.0442(4) 0.0360(18) Uani 1 1 d . . .  
C14 C -0.0642(4) 0.6166(17) 0.1699(5) 0.049(2) Uani 1 1 d . . .  
H14A H -0.0696 0.4870 0.1890 0.059 Uiso 1 1 calc R . .  
C9 C 0.1617(3) 0.8297(14) 0.2094(4) 0.0360(18) Uani 1 1 d . . .  
H9A H 0.1644 0.6920 0.1926 0.043 Uiso 1 1 calc R . .  
C8 C 0.2090(3) 0.9114(15) 0.2696(4) 0.0392(19) Uani 1 1 d . . .  
H8A H 0.2425 0.8268 0.2936 0.047 Uiso 1 1 calc R . .  
C5 C 0.1088(4) 1.1636(15) 0.1990(5) 0.044(2) Uani 1 1 d . . .  
H5A H 0.0760 1.2520 0.1750 0.052 Uiso 1 1 calc R . .  
C7 C 0.2050(4) 1.1144(15) 0.2922(4) 0.040(2) Uani 1 1 d . . .  
H7A H 0.2366 1.1695 0.3315 0.048 Uiso 1 1 calc R . .  
C12 C -0.0929(4) 0.9884(18) 0.1326(5) 0.054(2) Uani 1 1 d . . .  
H12A H -0.1180 1.1061 0.1266 0.064 Uiso 1 1 calc R . .  
C13 C -0.1002(4) 0.7899(19) 0.1611(5) 0.054(3) Uani 1 1 d . . .  
H13A H -0.1301 0.7775 0.1739 0.065 Uiso 1 1 calc R . .  
C11 C -0.0515(4) 1.0063(14) 0.1151(4) 0.050(3) Uani 1 1 d . . .  
H11A H -0.0475 1.1382 0.0962 0.060 Uiso 1 1 calc R . .  
O1 O 0.0607(3) 0.6162(12) 0.0839(4) 0.0586(18) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0337(3) 0.0472(3) 0.0389(3) -0.0055(3) 0.0143(2) -0.0017(2)  
P1 0.0301(10) 0.0460(13) 0.0340(11) 0.0011(9) 0.0141(9) -0.0021(9)  
F2 0.058(3) 0.042(3) 0.053(3) 0.011(2) 0.036(3) -0.001(2)  
F1 0.057(3) 0.034(3) 0.056(3) 0.014(2) 0.027(3) 0.011(2)  
C4 0.025(3) 0.039(4) 0.025(4) 0.002(3) 0.011(3) 0.002(3)  
C1 0.033(4) 0.029(4) 0.036(4) -0.004(3) 0.014(3) 0.000(3)  
C16 0.034(4) 0.058(6) 0.022(4) 0.004(4) 0.009(3) -0.007(4)  
C2 0.040(4) 0.027(4) 0.043(5) 0.001(3) 0.020(4) 0.002(3)  
C6 0.043(5) 0.031(4) 0.050(5) -0.005(4) 0.023(4) -0.003(4)  
C10 0.033(4) 0.039(4) 0.031(4) 0.000(3) 0.014(3) -0.003(3)  
C15 0.044(5) 0.039(5) 0.049(5) 0.007(4) 0.020(4) 0.002(4)  
C3 0.043(4) 0.031(4) 0.033(4) 0.000(3) 0.017(3) -0.003(4)  
C14 0.058(6) 0.053(6) 0.049(5) 0.005(4) 0.035(5) -0.005(5)  
C9 0.032(4) 0.039(4) 0.039(4) -0.002(4) 0.018(3) 0.007(3)  
C8 0.025(4) 0.047(5) 0.043(5) 0.003(4) 0.014(3) 0.006(4)  
C5 0.036(4) 0.042(5) 0.044(5) 0.001(4) 0.011(4) 0.013(4)  
C7 0.028(4) 0.047(5) 0.041(5) -0.006(4) 0.012(3) -0.004(4)  
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C12 0.048(5) 0.058(6) 0.051(5) 0.004(5) 0.018(4) 0.019(5)  
C13 0.049(6) 0.072(7) 0.053(6) -0.006(5) 0.034(5) -0.005(5)  
C11 0.073(6) 0.021(4) 0.027(4) 0.008(3) -0.002(4) 0.002(4)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.089(8) . ?  
I1 O1 2.819(7) . ?  
I1 C3 3.049(9) . ?  
I1 F2 3.213(5) . ?  
I1 F1 3.236(5) . ?  
P1 O1 1.451(7) . ?  
P1 C10 1.805(8) . ?  
P1 C4 1.809(8) . ?  
P1 C16 1.812(8) . ?  
F2 C3 1.351(9) . ?  
F2 C2 2.331(10) 7 ?  
F2 C1 2.370(9) . ?  
F2 F1 2.652(7) 7 ?  
F1 C2 1.345(9) . ?  
F1 C3 2.344(10) 7 ?  
F1 C1 2.372(9) . ?  
F1 F2 2.652(7) 7 ?  
F1 F1 2.958(11) 7_565 ?  
C4 C5 1.386(12) . ?  
C4 C9 1.402(10) . ?  
C1 C3 1.383(11) . ?  
C1 C2 1.401(11) . ?  
C16 C16 1.529(14) 5_575 ?  
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C2 C3 1.375(12) 7 ?  
C2 F2 2.331(10) 7 ?  
C6 C7 1.379(12) . ?  
C6 C5 1.387(12) . ?  
C10 C15 1.407(12) . ?  
C10 C11 1.458(12) . ?  
C15 C14 1.381(13) . ?  
C3 C2 1.375(12) 7 ?  
C3 F1 2.344(10) 7 ?  
C14 C13 1.355(14) . ?  
C9 C8 1.406(11) . ?  
C8 C7 1.350(12) . ?  
C12 C11 1.285(14) . ?  
C12 C13 1.408(15) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 O1 172.6(3) . . ?  
C1 I1 C3 22.8(3) . . ?  
O1 I1 C3 149.9(2) . . ?  
C1 I1 F2 47.5(2) . . ?  
O1 I1 F2 125.11(18) . . ?  
C3 I1 F2 24.75(17) . . ?  
C1 I1 F1 47.1(2) . . ?  
O1 I1 F1 140.32(18) . . ?  
C3 I1 F1 69.82(18) . . ?  
F2 I1 F1 94.57(12) . . ?  
O1 P1 C10 110.6(4) . . ?  
O1 P1 C4 113.3(4) . . ?  
C10 P1 C4 105.7(4) . . ?  
O1 P1 C16 115.2(4) . . ?  
C10 P1 C16 105.7(4) . . ?  
C4 P1 C16 105.6(4) . . ?  
C3 F2 C2 31.5(4) . 7 ?  
C3 F2 C1 30.3(4) . . ?  
C2 F2 C1 61.9(3) 7 . ?  
C3 F2 F1 62.0(4) . 7 ?  
C2 F2 F1 30.5(2) 7 7 ?  
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C1 F2 F1 92.3(3) . 7 ?  
C3 F2 I1 70.8(4) . . ?  
C2 F2 I1 102.4(3) 7 . ?  
C1 F2 I1 40.5(2) . . ?  
F1 F2 I1 132.8(2) 7 . ?  
C2 F1 C3 30.9(4) . 7 ?  
C2 F1 C1 31.0(4) . . ?  
C3 F1 C1 61.8(3) 7 . ?  
C2 F1 F2 61.5(4) . 7 ?  
C3 F1 F2 30.6(2) 7 7 ?  
C1 F1 F2 92.4(3) . 7 ?  
C2 F1 F1 87.4(4) . 7_565 ?  
C3 F1 F1 86.6(3) 7 7_565 ?  
C1 F1 F1 89.7(3) . 7_565 ?  
F2 F1 F1 86.5(3) 7 7_565 ?  
C2 F1 I1 71.1(4) . . ?  
C3 F1 I1 102.0(3) 7 . ?  
C1 F1 I1 40.1(2) . . ?  
F2 F1 I1 132.6(2) 7 . ?  
F1 F1 I1 92.3(2) 7_565 . ?  
C5 C4 C9 118.4(7) . . ?  
C5 C4 P1 122.8(6) . . ?  
C9 C4 P1 118.8(6) . . ?  
C3 C1 C2 116.1(8) . . ?  
C3 C1 I1 121.5(6) . . ?  
C2 C1 I1 122.4(6) . . ?  
C3 C1 F2 29.5(4) . . ?  
C2 C1 F2 145.6(6) . . ?  
I1 C1 F2 92.0(3) . . ?  
C3 C1 F1 145.7(7) . . ?  
C2 C1 F1 29.6(4) . . ?  
I1 C1 F1 92.8(3) . . ?  
F2 C1 F1 175.2(4) . . ?  
C16 C16 P1 111.5(8) 5_575 . ?  
F1 C2 C3 119.0(7) . 7 ?  
F1 C2 C1 119.4(7) . . ?  
C3 C2 C1 121.6(7) 7 . ?  
F1 C2 F2 88.0(5) . 7 ?  
C3 C2 F2 30.9(4) 7 7 ?  
C1 C2 F2 152.5(6) . 7 ?  
C7 C6 C5 119.3(8) . . ?  
C15 C10 C11 116.3(8) . . ?  
C15 C10 P1 117.2(7) . . ?  
C11 C10 P1 126.5(7) . . ?  
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C14 C15 C10 119.7(9) . . ?  
F2 C3 C2 117.5(7) . 7 ?  
F2 C3 C1 120.2(8) . . ?  
C2 C3 C1 122.3(8) 7 . ?  
F2 C3 F1 87.4(5) . 7 ?  
C2 C3 F1 30.1(4) 7 7 ?  
C1 C3 F1 152.5(7) . 7 ?  
F2 C3 I1 84.4(5) . . ?  
C2 C3 I1 158.1(6) 7 . ?  
C1 C3 I1 35.7(4) . . ?  
F1 C3 I1 171.8(4) 7 . ?  
C13 C14 C15 120.7(9) . . ?  
C4 C9 C8 120.4(8) . . ?  
C7 C8 C9 119.1(8) . . ?  
C4 C5 C6 120.8(8) . . ?  
C8 C7 C6 122.0(8) . . ?  
C11 C12 C13 119.7(9) . . ?  
C14 C13 C12 120.8(9) . . ?  
C12 C11 C10 122.7(9) . . ?  
P1 O1 I1 129.2(4) . . ?  
  
_diffrn_measured_fraction_theta_max    0.991  
_diffrn_reflns_theta_full              26.39  
_diffrn_measured_fraction_theta_full   0.991  
_refine_diff_density_max    1.783  
_refine_diff_density_min   -1.257  
























_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,2-bis(diphenylphosphinoethane)disulfide 
tetraiodoethylene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C28 H24 I4 P2 S2'  
_chemical_formula_weight          994.13  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    8.740(6)  
_cell_length_b                    10.077(6)  
501 
 
_cell_length_c                    10.4253(2)  
_cell_angle_alpha                 66.18(7)  
_cell_angle_beta                  71.75(8)  
_cell_angle_gamma                 86.8(1)  
_cell_volume                      795.1(3)  
_cell_formula_units_Z             1  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     60  
_cell_measurement_theta_min       3.4471  
_cell_measurement_theta_max       26.3714  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.18  
_exptl_crystal_size_mid           0.18  
_exptl_crystal_size_min           0.16  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.076  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              466  
_exptl_absorpt_coefficient_mu     4.168  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.9113  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             5931  
_diffrn_reflns_av_R_equivalents   0.0138  
_diffrn_reflns_av_sigmaI/netI     0.0416  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -12  
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_diffrn_reflns_limit_k_max        12  
_diffrn_reflns_limit_l_min        -12  
_diffrn_reflns_limit_l_max        10  
_diffrn_reflns_theta_min          3.45  
_diffrn_reflns_theta_max          26.35  
_reflns_number_total              2747  
_reflns_number_gt                 2397  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0203P)^2^+0.2090P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2747  
_refine_ls_number_parameters      163  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0309  
_refine_ls_R_factor_gt            0.0262  
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_refine_ls_wR_factor_ref          0.0583  
_refine_ls_wR_factor_gt           0.0564  
_refine_ls_goodness_of_fit_ref    1.079  
_refine_ls_restrained_S_all       1.079  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.26230(3) 0.16331(2) -0.11104(2) 0.02653(10) Uani 1 1 d . . .  
I2 I 0.14355(3) -0.19728(2) 0.15051(2) 0.02990(10) Uani 1 1 d . . .  
S1 S 0.57243(10) 0.42575(8) -0.28731(9) 0.02357(19) Uani 1 1 d . . .  
P1 P 0.45566(9) 0.56732(8) -0.21529(8) 0.01514(17) Uani 1 1 d . . .  
C1 C 0.0719(4) -0.0055(3) 0.0072(4) 0.0275(7) Uani 1 1 d . . .  
C2 C 0.4207(4) 0.5119(3) -0.0184(3) 0.0189(6) Uani 1 1 d . . .  
H2A H 0.3662 0.5862 0.0115 0.023 Uiso 1 1 calc R . .  
H2B H 0.3507 0.4224 0.0370 0.023 Uiso 1 1 calc R . .  
C3 C 0.5604(4) 0.7471(3) -0.3088(3) 0.0187(6) Uani 1 1 d . . .  
C4 C 0.6428(4) 0.7984(4) -0.4599(3) 0.0254(7) Uani 1 1 d . . .  
H4A H 0.6446 0.7398 -0.5100 0.030 Uiso 1 1 calc R . .  
C5 C 0.7218(5) 0.9358(4) -0.5353(4) 0.0338(9) Uani 1 1 d . . .  
H5A H 0.7759 0.9699 -0.6363 0.041 Uiso 1 1 calc R . .  
C6 C 0.7210(5) 1.0230(4) -0.4618(4) 0.0369(9) Uani 1 1 d . . .  
H6A H 0.7768 1.1146 -0.5125 0.044 Uiso 1 1 calc R . .  
C7 C 0.6374(5) 0.9741(4) -0.3130(4) 0.0333(8) Uani 1 1 d . . .  
H7A H 0.6350 1.0338 -0.2640 0.040 Uiso 1 1 calc R . .  
C8 C 0.5565(4) 0.8362(4) -0.2356(4) 0.0257(7) Uani 1 1 d . . .  
H8A H 0.5001 0.8037 -0.1351 0.031 Uiso 1 1 calc R . .  
C9 C 0.2595(4) 0.5939(3) -0.2418(3) 0.0178(6) Uani 1 1 d . . .  
C10 C 0.1438(4) 0.6626(4) -0.1693(4) 0.0276(7) Uani 1 1 d . . .  
H10A H 0.1634 0.6898 -0.1002 0.033 Uiso 1 1 calc R . .  
C11 C -0.0003(4) 0.6904(4) -0.2003(4) 0.0345(9) Uani 1 1 d . . .  
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H11A H -0.0781 0.7350 -0.1508 0.041 Uiso 1 1 calc R . .  
C12 C -0.0294(4) 0.6527(4) -0.3037(4) 0.0338(9) Uani 1 1 d . . .  
H12A H -0.1262 0.6726 -0.3246 0.041 Uiso 1 1 calc R . .  
C13 C 0.0841(4) 0.5856(4) -0.3763(4) 0.0299(8) Uani 1 1 d . . .  
H13A H 0.0639 0.5602 -0.4462 0.036 Uiso 1 1 calc R . .  
C14 C 0.2290(4) 0.5555(3) -0.3456(3) 0.0226(7) Uani 1 1 d . . .  
H14A H 0.3054 0.5095 -0.3947 0.027 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.03231(15) 0.02199(13) 0.02657(14) -0.01107(9) -0.00943(10) 0.00203(9)  
I2 0.04452(17) 0.01870(13) 0.03250(15) -0.00887(9) -0.02312(11) 0.00785(9)  
S1 0.0242(4) 0.0241(4) 0.0235(4) -0.0104(3) -0.0093(3) 0.0080(3)  
P1 0.0143(4) 0.0188(4) 0.0120(3) -0.0044(3) -0.0063(3) 0.0020(3)  
C1 0.040(2) 0.0217(15) 0.0251(16) -0.0118(13) -0.0134(15) 0.0064(15)  
C2 0.0144(15) 0.0248(15) 0.0147(14) -0.0045(12) -0.0056(12) 0.0005(12)  
C3 0.0139(15) 0.0198(15) 0.0197(15) -0.0031(12) -0.0086(12) 0.0022(12)  
C4 0.0253(18) 0.0280(17) 0.0191(15) -0.0056(13) -0.0074(13) 0.0008(13)  
C5 0.034(2) 0.0319(18) 0.0229(17) 0.0007(14) -0.0066(14) -0.0067(16)  
C6 0.034(2) 0.0242(17) 0.045(2) -0.0022(16) -0.0163(18) -0.0086(15)  
C7 0.036(2) 0.0256(17) 0.042(2) -0.0135(15) -0.0164(16) -0.0020(15)  
C8 0.0220(17) 0.0296(17) 0.0265(17) -0.0118(14) -0.0085(13) 0.0013(14)  
C9 0.0161(15) 0.0190(14) 0.0151(14) -0.0019(11) -0.0073(11) -0.0004(12)  
C10 0.0210(17) 0.044(2) 0.0209(16) -0.0166(14) -0.0080(13) 0.0087(15)  
C11 0.0170(17) 0.053(2) 0.0314(19) -0.0175(17) -0.0060(14) 0.0113(16)  
C12 0.0155(17) 0.044(2) 0.0323(19) -0.0024(16) -0.0124(14) -0.0027(15)  
C13 0.033(2) 0.0325(18) 0.0309(18) -0.0092(14) -0.0227(15) -0.0027(15)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  






 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.125(4) . ?  
I1 C1 3.063(4) 2 ?  
I1 S1 3.3870(18) . ?  
I1 I2 3.5156(16) . ?  
I1 I2 3.6789(8) 2 ?  
I1 C14 3.767(3) . ?  
I1 P1 4.0812(15) . ?  
I1 I2 5.0990(11) 2_655 ?  
I1 I1 5.108(2) 2 ?  
I2 C1 2.116(3) . ?  
I2 C1 3.036(4) 2 ?  
I2 S1 3.5248(14) 2_655 ?  
I2 I1 3.6789(8) 2 ?  
I2 I2 5.0688(19) 2 ?  
I2 I1 5.0990(11) 2_655 ?  
S1 P1 1.9656(12) . ?  
S1 C2 3.143(3) . ?  
S1 C9 3.146(3) . ?  
S1 C3 3.153(3) . ?  
S1 I2 3.5248(14) 2_655 ?  
P1 C3 1.808(3) . ?  
P1 C9 1.809(3) . ?  
P1 C2 1.822(3) . ?  
C1 C1 1.305(7) 2 ?  
C1 I2 3.036(4) 2 ?  
C1 I1 3.063(4) 2 ?  
C2 C2 1.532(6) 2_665 ?  
C3 C8 1.387(5) . ?  
C3 C4 1.393(4) . ?  
C4 C5 1.378(5) . ?  
C5 C6 1.378(6) . ?  
C6 C7 1.377(6) . ?  
C7 C8 1.388(5) . ?  
C9 C14 1.387(5) . ?  
C9 C10 1.392(5) . ?  
C10 C11 1.383(5) . ?  
C11 C12 1.373(6) . ?  
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C12 C13 1.371(6) . ?  
C13 C14 1.390(5) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 C1 20.51(15) . 2 ?  
C1 I1 S1 177.53(10) . . ?  
C1 I1 S1 161.68(6) 2 . ?  
C1 I1 I2 33.94(10) . . ?  
C1 I1 I2 54.45(7) 2 . ?  
S1 I1 I2 143.84(3) . . ?  
C1 I1 I2 55.61(10) . 2 ?  
C1 I1 I2 35.11(6) 2 2 ?  
S1 I1 I2 126.58(3) . 2 ?  
I2 I1 I2 89.55(4) . 2 ?  
C1 I1 C14 126.65(11) . . ?  
C1 I1 C14 106.43(9) 2 . ?  
S1 I1 C14 55.34(6) . . ?  
I2 I1 C14 159.52(5) . . ?  
I2 I1 C14 71.65(6) 2 . ?  
C1 I1 P1 151.48(9) . . ?  
C1 I1 P1 138.46(7) 2 . ?  
S1 I1 P1 28.64(2) . . ?  
I2 I1 P1 148.350(19) . . ?  
I2 I1 P1 108.50(3) 2 . ?  
C14 I1 P1 40.97(5) . . ?  
C1 I1 I2 134.40(10) . 2_655 ?  
C1 I1 I2 154.74(6) 2 2_655 ?  
S1 I1 I2 43.52(3) . 2_655 ?  
I2 I1 I2 100.54(4) . 2_655 ?  
I2 I1 I2 169.237(9) 2 2_655 ?  
C14 I1 I2 98.83(6) . 2_655 ?  
P1 I1 I2 64.32(3) . 2_655 ?  
C1 I1 I1 12.13(9) . 2 ?  
C1 I1 I1 8.38(6) 2 2 ?  
S1 I1 I1 170.032(17) . 2 ?  
I2 I1 I1 46.07(3) . 2 ?  
I2 I1 I1 43.488(19) 2 2 ?  
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C14 I1 I1 114.71(6) . 2 ?  
P1 I1 I1 144.53(2) . 2 ?  
I2 I1 I1 146.448(17) 2_655 2 ?  
C1 I2 C1 21.05(16) . 2 ?  
C1 I2 I1 34.11(10) . . ?  
C1 I2 I1 55.16(7) 2 . ?  
C1 I2 S1 154.37(10) . 2_655 ?  
C1 I2 S1 172.54(7) 2 2_655 ?  
I1 I2 S1 120.75(3) . 2_655 ?  
C1 I2 I1 56.34(10) . 2 ?  
C1 I2 I1 35.29(7) 2 2 ?  
I1 I2 I1 90.45(4) . 2 ?  
S1 I2 I1 148.04(2) 2_655 2 ?  
C1 I2 I2 12.43(10) . 2 ?  
C1 I2 I2 8.63(6) 2 2 ?  
I1 I2 I2 46.53(2) . 2 ?  
S1 I2 I2 166.023(18) 2_655 2 ?  
I1 I2 I2 43.91(3) 2 2 ?  
C1 I2 I1 113.50(11) . 2_655 ?  
C1 I2 I1 134.47(7) 2 2_655 ?  
I1 I2 I1 79.46(4) . 2_655 ?  
S1 I2 I1 41.43(3) 2_655 2_655 ?  
I1 I2 I1 169.237(9) 2 2_655 ?  
I2 I2 I1 125.89(3) 2 2_655 ?  
P1 S1 C2 32.47(6) . . ?  
P1 S1 C9 32.01(6) . . ?  
C2 S1 C9 55.10(8) . . ?  
P1 S1 C3 31.81(6) . . ?  
C2 S1 C3 55.12(8) . . ?  
C9 S1 C3 54.15(8) . . ?  
P1 S1 I1 95.69(4) . . ?  
C2 S1 I1 84.49(7) . . ?  
C9 S1 I1 75.19(6) . . ?  
C3 S1 I1 126.78(6) . . ?  
P1 S1 I2 126.97(4) . 2_655 ?  
C2 S1 I2 97.89(6) . 2_655 ?  
C9 S1 I2 151.51(6) . 2_655 ?  
C3 S1 I2 120.98(6) . 2_655 ?  
I1 S1 I2 95.05(3) . 2_655 ?  
C3 P1 C9 104.84(14) . . ?  
C3 P1 C2 106.72(15) . . ?  
C9 P1 C2 106.49(14) . . ?  
C3 P1 S1 113.25(11) . . ?  
C9 P1 S1 112.84(11) . . ?  
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C2 P1 S1 112.13(11) . . ?  
C3 P1 I1 165.22(10) . . ?  
C9 P1 I1 74.25(10) . . ?  
C2 P1 I1 87.43(11) . . ?  
S1 P1 I1 55.67(4) . . ?  
C1 C1 I2 123.3(3) 2 . ?  
C1 C1 I1 124.7(3) 2 . ?  
I2 C1 I1 111.95(17) . . ?  
C1 C1 I2 35.6(2) 2 2 ?  
I2 C1 I2 158.95(16) . 2 ?  
I1 C1 I2 89.10(11) . 2 ?  
C1 C1 I1 34.8(2) 2 2 ?  
I2 C1 I1 88.56(11) . 2 ?  
I1 C1 I1 159.49(15) . 2 ?  
I2 C1 I1 70.39(9) 2 2 ?  
C2 C2 P1 111.6(3) 2_665 . ?  
C2 C2 S1 90.4(2) 2_665 . ?  
P1 C2 S1 35.40(7) . . ?  
C8 C3 C4 119.5(3) . . ?  
C8 C3 P1 122.0(2) . . ?  
C4 C3 P1 118.5(2) . . ?  
C8 C3 S1 146.0(2) . . ?  
C4 C3 S1 89.6(2) . . ?  
P1 C3 S1 34.95(7) . . ?  
C5 C4 C3 120.2(3) . . ?  
C4 C5 C6 120.3(3) . . ?  
C7 C6 C5 119.9(3) . . ?  
C6 C7 C8 120.5(3) . . ?  
C3 C8 C7 119.7(3) . . ?  
C14 C9 C10 119.3(3) . . ?  
C14 C9 P1 119.0(2) . . ?  
C10 C9 P1 121.5(3) . . ?  
C14 C9 S1 85.6(2) . . ?  
C10 C9 S1 154.4(2) . . ?  
P1 C9 S1 35.16(7) . . ?  
C11 C10 C9 119.8(3) . . ?  
C12 C11 C10 120.5(3) . . ?  
C13 C12 C11 120.1(3) . . ?  
C12 C13 C14 120.3(3) . . ?  
C9 C14 C13 119.9(3) . . ?  
C9 C14 I1 88.93(18) . . ?  





 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C1 I1 I2 C1 -0.4(2) 2 . . . ?  
S1 I1 I2 C1 178.11(17) . . . . ?  
I2 I1 I2 C1 -0.26(16) 2 . . . ?  
C14 I1 I2 C1 22.7(2) . . . . ?  
P1 I1 I2 C1 126.05(17) . . . . ?  
I2 I1 I2 C1 -176.50(16) 2_655 . . . ?  
I1 I1 I2 C1 -0.26(16) 2 . . . ?  
C1 I1 I2 C1 0.4(2) . . . 2 ?  
S1 I1 I2 C1 178.50(8) . . . 2 ?  
I2 I1 I2 C1 0.12(8) 2 . . 2 ?  
C14 I1 I2 C1 23.09(16) . . . 2 ?  
P1 I1 I2 C1 126.44(8) . . . 2 ?  
I2 I1 I2 C1 -176.12(8) 2_655 . . 2 ?  
I1 I1 I2 C1 0.12(8) 2 . . 2 ?  
C1 I1 I2 S1 172.95(16) . . . 2_655 ?  
C1 I1 I2 S1 172.57(8) 2 . . 2_655 ?  
S1 I1 I2 S1 -8.93(4) . . . 2_655 ?  
I2 I1 I2 S1 172.694(19) 2 . . 2_655 ?  
C14 I1 I2 S1 -164.34(14) . . . 2_655 ?  
P1 I1 I2 S1 -60.99(4) . . . 2_655 ?  
I2 I1 I2 S1 -3.549(17) 2_655 . . 2_655 ?  
I1 I1 I2 S1 172.694(19) 2 . . 2_655 ?  
C1 I1 I2 I1 0.26(16) . . . 2 ?  
C1 I1 I2 I1 -0.12(8) 2 . . 2 ?  
S1 I1 I2 I1 178.37(3) . . . 2 ?  
I2 I1 I2 I1 0.0 2 . . 2 ?  
C14 I1 I2 I1 22.97(14) . . . 2 ?  
P1 I1 I2 I1 126.32(3) . . . 2 ?  
I2 I1 I2 I1 -176.243(8) 2_655 . . 2 ?  
C1 I1 I2 I2 0.26(16) . . . 2 ?  
C1 I1 I2 I2 -0.12(8) 2 . . 2 ?  
S1 I1 I2 I2 178.37(3) . . . 2 ?  
C14 I1 I2 I2 22.97(14) . . . 2 ?  
P1 I1 I2 I2 126.32(3) . . . 2 ?  
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I2 I1 I2 I2 -176.243(8) 2_655 . . 2 ?  
I1 I1 I2 I2 0.0 2 . . 2 ?  
C1 I1 I2 I1 176.50(16) . . . 2_655 ?  
C1 I1 I2 I1 176.12(8) 2 . . 2_655 ?  
S1 I1 I2 I1 -5.38(3) . . . 2_655 ?  
I2 I1 I2 I1 176.243(8) 2 . . 2_655 ?  
C14 I1 I2 I1 -160.79(14) . . . 2_655 ?  
P1 I1 I2 I1 -57.44(3) . . . 2_655 ?  
I2 I1 I2 I1 0.0 2_655 . . 2_655 ?  
I1 I1 I2 I1 176.243(8) 2 . . 2_655 ?  
C1 I1 S1 P1 -95(2) . . . . ?  
C1 I1 S1 P1 55.8(2) 2 . . . ?  
I2 I1 S1 P1 -120.29(4) . . . . ?  
I2 I1 S1 P1 57.68(4) 2 . . . ?  
C14 I1 S1 P1 49.51(7) . . . . ?  
I2 I1 S1 P1 -127.99(5) 2_655 . . . ?  
I1 I1 S1 P1 52.92(11) 2 . . . ?  
C1 I1 S1 C2 -64(2) . . . . ?  
C1 I1 S1 C2 86.3(2) 2 . . . ?  
I2 I1 S1 C2 -89.76(6) . . . . ?  
I2 I1 S1 C2 88.21(6) 2 . . . ?  
C14 I1 S1 C2 80.04(9) . . . . ?  
P1 I1 S1 C2 30.53(6) . . . . ?  
I2 I1 S1 C2 -97.46(6) 2_655 . . . ?  
I1 I1 S1 C2 83.45(11) 2 . . . ?  
C1 I1 S1 C9 -120(2) . . . . ?  
C1 I1 S1 C9 31.0(2) 2 . . . ?  
I2 I1 S1 C9 -145.08(6) . . . . ?  
I2 I1 S1 C9 32.89(6) 2 . . . ?  
C14 I1 S1 C9 24.72(8) . . . . ?  
P1 I1 S1 C9 -24.79(6) . . . . ?  
I2 I1 S1 C9 -152.78(6) 2_655 . . . ?  
I1 I1 S1 C9 28.13(11) 2 . . . ?  
C1 I1 S1 C3 -102(2) . . . . ?  
C1 I1 S1 C3 48.5(2) 2 . . . ?  
I2 I1 S1 C3 -127.63(7) . . . . ?  
I2 I1 S1 C3 50.34(8) 2 . . . ?  
C14 I1 S1 C3 42.17(10) . . . . ?  
P1 I1 S1 C3 -7.34(7) . . . . ?  
I2 I1 S1 C3 -135.33(8) 2_655 . . . ?  
I1 I1 S1 C3 45.58(13) 2 . . . ?  
C1 I1 S1 I2 33(2) . . . 2_655 ?  
C1 I1 S1 I2 -176.2(2) 2 . . 2_655 ?  
I2 I1 S1 I2 7.70(4) . . . 2_655 ?  
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I2 I1 S1 I2 -174.327(12) 2 . . 2_655 ?  
C14 I1 S1 I2 177.50(7) . . . 2_655 ?  
P1 I1 S1 I2 127.99(5) . . . 2_655 ?  
I1 I1 S1 I2 -179.08(8) 2 . . 2_655 ?  
C2 S1 P1 C3 120.84(16) . . . . ?  
C9 S1 P1 C3 -118.91(15) . . . . ?  
I1 S1 P1 C3 -168.80(11) . . . . ?  
I2 S1 P1 C3 90.49(12) 2_655 . . . ?  
C2 S1 P1 C9 -120.24(15) . . . . ?  
C3 S1 P1 C9 118.91(15) . . . . ?  
I1 S1 P1 C9 -49.89(10) . . . . ?  
I2 S1 P1 C9 -150.60(10) 2_655 . . . ?  
C9 S1 P1 C2 120.24(15) . . . . ?  
C3 S1 P1 C2 -120.84(16) . . . . ?  
I1 S1 P1 C2 70.35(11) . . . . ?  
I2 S1 P1 C2 -30.36(12) 2_655 . . . ?  
C2 S1 P1 I1 -70.35(11) . . . . ?  
C9 S1 P1 I1 49.89(10) . . . . ?  
C3 S1 P1 I1 168.80(11) . . . . ?  
I2 S1 P1 I1 -100.71(5) 2_655 . . . ?  
C1 I1 P1 C3 -140.8(4) . . . . ?  
C1 I1 P1 C3 -112.5(4) 2 . . . ?  
S1 I1 P1 C3 44.4(4) . . . . ?  
I2 I1 P1 C3 148.2(4) . . . . ?  
I2 I1 P1 C3 -89.9(4) 2 . . . ?  
C14 I1 P1 C3 -63.0(4) . . . . ?  
I2 I1 P1 C3 81.4(4) 2_655 . . . ?  
I1 I1 P1 C3 -121.9(4) 2 . . . ?  
C1 I1 P1 C9 -52.2(2) . . . . ?  
C1 I1 P1 C9 -23.99(14) 2 . . . ?  
S1 I1 P1 C9 132.92(11) . . . . ?  
I2 I1 P1 C9 -123.22(10) . . . . ?  
I2 I1 P1 C9 -1.39(10) 2 . . . ?  
C14 I1 P1 C9 25.50(12) . . . . ?  
I2 I1 P1 C9 169.94(10) 2_655 . . . ?  
I1 I1 P1 C9 -33.32(10) 2 . . . ?  
C1 I1 P1 C2 55.7(2) . . . . ?  
C1 I1 P1 C2 83.93(14) 2 . . . ?  
S1 I1 P1 C2 -119.16(11) . . . . ?  
I2 I1 P1 C2 -15.29(10) . . . . ?  
I2 I1 P1 C2 106.53(10) 2 . . . ?  
C14 I1 P1 C2 133.43(13) . . . . ?  
I2 I1 P1 C2 -82.13(10) 2_655 . . . ?  
I1 I1 P1 C2 74.61(11) 2 . . . ?  
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C1 I1 P1 S1 174.8(2) . . . . ?  
C1 I1 P1 S1 -156.91(10) 2 . . . ?  
I2 I1 P1 S1 103.87(5) . . . . ?  
I2 I1 P1 S1 -134.31(4) 2 . . . ?  
C14 I1 P1 S1 -107.42(9) . . . . ?  
I2 I1 P1 S1 37.02(4) 2_655 . . . ?  
I1 I1 P1 S1 -166.23(3) 2 . . . ?  
I1 I2 C1 C1 179.1(5) . . . 2 ?  
S1 I2 C1 C1 165.0(2) 2_655 . . 2 ?  
I1 I2 C1 C1 -0.6(4) 2 . . 2 ?  
I2 I2 C1 C1 0.0 2 . . 2 ?  
I1 I2 C1 C1 175.4(4) 2_655 . . 2 ?  
C1 I2 C1 I1 -179.1(5) 2 . . . ?  
S1 I2 C1 I1 -14.1(3) 2_655 . . . ?  
I1 I2 C1 I1 -179.7(2) 2 . . . ?  
I2 I2 C1 I1 -179.1(5) 2 . . . ?  
I1 I2 C1 I1 -3.75(18) 2_655 . . . ?  
C1 I2 C1 I2 0.0 2 . . 2 ?  
I1 I2 C1 I2 179.1(5) . . . 2 ?  
S1 I2 C1 I2 165.0(2) 2_655 . . 2 ?  
I1 I2 C1 I2 -0.6(4) 2 . . 2 ?  
I1 I2 C1 I2 175.4(4) 2_655 . . 2 ?  
C1 I2 C1 I1 0.6(4) 2 . . 2 ?  
I1 I2 C1 I1 179.7(2) . . . 2 ?  
S1 I2 C1 I1 165.58(14) 2_655 . . 2 ?  
I2 I2 C1 I1 0.6(4) 2 . . 2 ?  
I1 I2 C1 I1 175.94(2) 2_655 . . 2 ?  
S1 I1 C1 C1 154.1(18) . . . 2 ?  
I2 I1 C1 C1 -179.1(6) . . . 2 ?  
I2 I1 C1 C1 0.6(4) 2 . . 2 ?  
C14 I1 C1 C1 10.6(5) . . . 2 ?  
P1 I1 C1 C1 63.6(5) . . . 2 ?  
I2 I1 C1 C1 -174.3(3) 2_655 . . 2 ?  
I1 I1 C1 C1 0.0 2 . . 2 ?  
C1 I1 C1 I2 179.1(6) 2 . . . ?  
S1 I1 C1 I2 -27(2) . . . . ?  
I2 I1 C1 I2 179.7(2) 2 . . . ?  
C14 I1 C1 I2 -170.31(9) . . . . ?  
P1 I1 C1 I2 -117.31(17) . . . . ?  
I2 I1 C1 I2 4.8(2) 2_655 . . . ?  
I1 I1 C1 I2 179.1(6) 2 . . . ?  
C1 I1 C1 I2 -0.6(4) 2 . . 2 ?  
S1 I1 C1 I2 153(2) . . . 2 ?  
I2 I1 C1 I2 -179.7(2) . . . 2 ?  
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C14 I1 C1 I2 10.01(14) . . . 2 ?  
P1 I1 C1 I2 63.0(2) . . . 2 ?  
I2 I1 C1 I2 -174.87(3) 2_655 . . 2 ?  
I1 I1 C1 I2 -0.6(4) 2 . . 2 ?  
C1 I1 C1 I1 0.0 2 . . 2 ?  
S1 I1 C1 I1 154.1(18) . . . 2 ?  
I2 I1 C1 I1 -179.1(6) . . . 2 ?  
I2 I1 C1 I1 0.6(4) 2 . . 2 ?  
C14 I1 C1 I1 10.6(5) . . . 2 ?  
P1 I1 C1 I1 63.6(5) . . . 2 ?  
I2 I1 C1 I1 -174.3(3) 2_655 . . 2 ?  
C3 P1 C2 C2 -67.5(3) . . . 2_665 ?  
C9 P1 C2 C2 -179.1(3) . . . 2_665 ?  
S1 P1 C2 C2 57.1(3) . . . 2_665 ?  
I1 P1 C2 C2 108.2(3) . . . 2_665 ?  
C3 P1 C2 S1 -124.54(13) . . . . ?  
C9 P1 C2 S1 123.87(13) . . . . ?  
I1 P1 C2 S1 51.13(6) . . . . ?  
P1 S1 C2 C2 -128.7(3) . . . 2_665 ?  
C9 S1 C2 C2 -162.6(3) . . . 2_665 ?  
C3 S1 C2 C2 -95.2(2) . . . 2_665 ?  
I1 S1 C2 C2 121.6(2) . . . 2_665 ?  
I2 S1 C2 C2 27.2(2) 2_655 . . 2_665 ?  
C9 S1 C2 P1 -33.93(10) . . . . ?  
C3 S1 C2 P1 33.48(10) . . . . ?  
I1 S1 C2 P1 -109.70(10) . . . . ?  
I2 S1 C2 P1 155.94(10) 2_655 . . . ?  
C9 P1 C3 C8 92.3(3) . . . . ?  
C2 P1 C3 C8 -20.4(3) . . . . ?  
S1 P1 C3 C8 -144.3(2) . . . . ?  
I1 P1 C3 C8 176.8(3) . . . . ?  
C9 P1 C3 C4 -85.6(3) . . . . ?  
C2 P1 C3 C4 161.7(2) . . . . ?  
S1 P1 C3 C4 37.8(3) . . . . ?  
I1 P1 C3 C4 -1.1(6) . . . . ?  
C9 P1 C3 S1 -123.43(13) . . . . ?  
C2 P1 C3 S1 123.86(13) . . . . ?  
I1 P1 C3 S1 -38.9(3) . . . . ?  
P1 S1 C3 C8 62.2(4) . . . . ?  
C2 S1 C3 C8 28.0(4) . . . . ?  
C9 S1 C3 C8 97.1(4) . . . . ?  
I1 S1 C3 C8 76.2(4) . . . . ?  
I2 S1 C3 C8 -49.1(4) 2_655 . . . ?  
P1 S1 C3 C4 -147.4(3) . . . . ?  
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C2 S1 C3 C4 178.4(2) . . . . ?  
C9 S1 C3 C4 -112.5(2) . . . . ?  
I1 S1 C3 C4 -133.44(18) . . . . ?  
I2 S1 C3 C4 101.32(19) 2_655 . . . ?  
C2 S1 C3 P1 -34.19(10) . . . . ?  
C9 S1 C3 P1 34.91(10) . . . . ?  
I1 S1 C3 P1 13.96(13) . . . . ?  
I2 S1 C3 P1 -111.28(10) 2_655 . . . ?  
C8 C3 C4 C5 1.0(5) . . . . ?  
P1 C3 C4 C5 178.9(3) . . . . ?  
S1 C3 C4 C5 -160.5(3) . . . . ?  
C3 C4 C5 C6 0.5(6) . . . . ?  
C4 C5 C6 C7 -1.7(6) . . . . ?  
C5 C6 C7 C8 1.4(6) . . . . ?  
C4 C3 C8 C7 -1.3(5) . . . . ?  
P1 C3 C8 C7 -179.2(3) . . . . ?  
S1 C3 C8 C7 144.2(3) . . . . ?  
C6 C7 C8 C3 0.1(5) . . . . ?  
C3 P1 C9 C14 103.5(2) . . . . ?  
C2 P1 C9 C14 -143.6(2) . . . . ?  
S1 P1 C9 C14 -20.2(3) . . . . ?  
I1 P1 C9 C14 -61.2(2) . . . . ?  
C3 P1 C9 C10 -71.2(3) . . . . ?  
C2 P1 C9 C10 41.6(3) . . . . ?  
S1 P1 C9 C10 165.1(2) . . . . ?  
I1 P1 C9 C10 124.1(3) . . . . ?  
C3 P1 C9 S1 123.69(13) . . . . ?  
C2 P1 C9 S1 -123.43(13) . . . . ?  
I1 P1 C9 S1 -41.01(7) . . . . ?  
P1 S1 C9 C14 162.4(2) . . . . ?  
C2 S1 C9 C14 -163.2(2) . . . . ?  
C3 S1 C9 C14 127.70(19) . . . . ?  
I1 S1 C9 C14 -69.53(16) . . . . ?  
I2 S1 C9 C14 -142.30(16) 2_655 . . . ?  
P1 S1 C9 C10 -30.5(5) . . . . ?  
C2 S1 C9 C10 3.9(5) . . . . ?  
C3 S1 C9 C10 -65.2(5) . . . . ?  
I1 S1 C9 C10 97.6(5) . . . . ?  
I2 S1 C9 C10 24.8(6) 2_655 . . . ?  
C2 S1 C9 P1 34.44(10) . . . . ?  
C3 S1 C9 P1 -34.69(9) . . . . ?  
I1 S1 C9 P1 128.07(10) . . . . ?  
I2 S1 C9 P1 55.31(17) 2_655 . . . ?  
C14 C9 C10 C11 0.6(5) . . . . ?  
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P1 C9 C10 C11 175.4(3) . . . . ?  
S1 C9 C10 C11 -164.6(4) . . . . ?  
C9 C10 C11 C12 -0.9(5) . . . . ?  
C10 C11 C12 C13 0.6(5) . . . . ?  
C11 C12 C13 C14 0.0(5) . . . . ?  
C10 C9 C14 C13 0.0(4) . . . . ?  
P1 C9 C14 C13 -174.9(2) . . . . ?  
S1 C9 C14 C13 173.7(3) . . . . ?  
C10 C9 C14 I1 -119.1(3) . . . . ?  
P1 C9 C14 I1 66.02(19) . . . . ?  
S1 C9 C14 I1 54.53(7) . . . . ?  
C12 C13 C14 C9 -0.3(5) . . . . ?  
C12 C13 C14 I1 104.2(3) . . . . ?  
C1 I1 C14 C9 111.7(2) . . . . ?  
C1 I1 C14 C9 115.57(19) 2 . . . ?  
S1 I1 C14 C9 -66.49(18) . . . . ?  
I2 I1 C14 C9 96.1(2) . . . . ?  
I2 I1 C14 C9 120.42(19) 2 . . . ?  
P1 I1 C14 C9 -32.72(16) . . . . ?  
I2 I1 C14 C9 -64.75(19) 2_655 . . . ?  
I1 I1 C14 C9 114.16(18) 2 . . . ?  
C1 I1 C14 C13 -11.2(3) . . . . ?  
C1 I1 C14 C13 -7.4(3) 2 . . . ?  
S1 I1 C14 C13 170.6(3) . . . . ?  
I2 I1 C14 C13 -26.8(4) . . . . ?  
I2 I1 C14 C13 -2.5(2) 2 . . . ?  
P1 I1 C14 C13 -155.7(3) . . . . ?  
I2 I1 C14 C13 172.3(2) 2_655 . . . ?  
I1 I1 C14 C13 -8.8(3) 2 . . . ?  
  
_diffrn_measured_fraction_theta_max    0.850  
_diffrn_reflns_theta_full              26.35  
_diffrn_measured_fraction_theta_full   0.850  
_refine_diff_density_max    0.978  
_refine_diff_density_min   -0.583  













_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,2-bis(diphenylphosphinoethane)diselenide 
tetraiodoethylene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C28 H24 I4 P2 Se2'  
_chemical_formula_weight          1087.93  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Se'  'Se'  -0.0929   2.2259  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            ?  
_symmetry_space_group_name_H-M    ?  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    8.762(7)  
_cell_length_b                    10.176(5)  
_cell_length_c                    10.449(9)  
_cell_angle_alpha                 65.92(5)  
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_cell_angle_beta                  72.29(5)  
_cell_angle_gamma                 86.86(6)  
_cell_volume                      807.7(3)  
_cell_formula_units_Z             1  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     88  
_cell_measurement_theta_min       3.7316  
_cell_measurement_theta_max       26.3714  
  
_exptl_crystal_description        'Parallelpiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.18  
_exptl_crystal_size_mid           0.16  
_exptl_crystal_size_min           0.16  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.237  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              502  
_exptl_absorpt_coefficient_mu     6.227  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.7250  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
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_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             3555  
_diffrn_reflns_av_R_equivalents   0.0164  
_diffrn_reflns_av_sigmaI/netI     0.0453  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -12  
_diffrn_reflns_limit_k_max        12  
_diffrn_reflns_limit_l_min        -12  
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_diffrn_reflns_limit_l_max        12  
_diffrn_reflns_theta_min          3.74  
_diffrn_reflns_theta_max          26.38  
_reflns_number_total              2531  
_reflns_number_gt                 2265  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0090P)^2^+1.8823P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2531  
_refine_ls_number_parameters      333  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           NaN  
_refine_ls_R_factor_gt            NaN  
_refine_ls_wR_factor_ref          -NaN  
_refine_ls_wR_factor_gt           0.0000  
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_refine_ls_goodness_of_fit_ref    0.000  
_refine_ls_restrained_S_all       0.000  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          NaN  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
I2 I -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C14 C -4.0000 -4.0000 -4.0000 -0.632 Uani 1.64 2 d SP . .  
C14A C -4.0000 -4.0000 -4.0000 0.000 Uiso 0.36 2 d SP . .  
Se1 Se -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
P1 P -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C8 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C1 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C7 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C13 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C2 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C9 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C6 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C10 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C11 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C4 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C5 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C12 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C3 C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
I1A I -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
I2A I -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C14B C -4.0000 -4.0000 -4.0000 -0.632 Uani 1.64 2 d SP . .  
C14C C -4.0000 -4.0000 -4.0000 0.000 Uiso 0.36 2 d SP . .  
Se1A Se -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
P1A P -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
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C8A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C1A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C7A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C13A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C2A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C9A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C6A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C10A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C11A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C4A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C5A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C12A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
C3A C -4.0000 -4.0000 -4.0000 -0.632 Uani 2.00 2 d SP . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.000 0.000 0.000 -1.000 -1.000 -1.000  
I2 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C14 0.000 0.000 0.000 -1.000 -1.000 -1.000  
Se1 0.000 0.000 0.000 -1.000 -1.000 -1.000  
P1 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C8 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C1 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C7 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C13 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C2 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C9 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C6 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C10 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C11 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C4 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C5 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C12 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C3 0.000 0.000 0.000 -1.000 -1.000 -1.000  
I1A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
I2A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C14B 0.000 0.000 0.000 -1.000 -1.000 -1.000  
Se1A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
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P1A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C8A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C1A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C7A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C13A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C2A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C9A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C6A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C10A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C11A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C4A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C5A 0.000 0.000 0.000 -1.000 -1.000 -1.000  
C12A 0.000 0.000 0.000 -1.000 -1.000 -1.000  



































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,2-bis(diphenylphosphino)ethane 3(1,4-
diiodotetrafluorobenzene)'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C44 H24 F8 I6 P2'  
_chemical_formula_weight          1528.00  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            ?  
_symmetry_space_group_name_H-M    ?  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    6.0112(12)  
_cell_length_b                    13.009(3)  
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_cell_length_c                    15.459(3)  
_cell_angle_alpha                 92.62(3)  
_cell_angle_beta                  98.62(3)  
_cell_angle_gamma                 91.59(3)  
_cell_volume                      1193.3(4)  
_cell_formula_units_Z             1  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     ?  
_cell_measurement_theta_min       2.6694  
_cell_measurement_theta_max       26.3714  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.22  
_exptl_crystal_size_mid           0.16  
_exptl_crystal_size_min           0.10  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.593  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              848  
_exptl_absorpt_coefficient_mu     5.426  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   ?  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             10040  
_diffrn_reflns_av_R_equivalents   0.0271  
_diffrn_reflns_av_sigmaI/netI     0.0705  
_diffrn_reflns_limit_h_min        -7  
_diffrn_reflns_limit_h_max        6  
_diffrn_reflns_limit_k_min        -15  
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_diffrn_reflns_limit_k_max        15  
_diffrn_reflns_limit_l_min        -18  
_diffrn_reflns_limit_l_max        18  
_diffrn_reflns_theta_min          2.67  
_diffrn_reflns_theta_max          26.28  
_reflns_number_total              4196  
_reflns_number_gt                 2910  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0014P)^2^+0.1070P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          4196  
_refine_ls_number_parameters      289  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0558  
_refine_ls_R_factor_gt            0.0333  
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_refine_ls_wR_factor_ref          0.0626  
_refine_ls_wR_factor_gt           0.0565  
_refine_ls_goodness_of_fit_ref    0.982  
_refine_ls_restrained_S_all       0.982  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.61463(6) 0.24492(3) 0.43995(2) 0.03159(11) Uani 1 1 d . . .  
I2 I 0.63938(8) 0.19121(4) 1.01006(3) 0.04872(14) Uani 1 1 d . . .  
I3 I 0.28272(8) 0.60426(4) 0.76280(3) 0.05367(15) Uani 1 1 d . . .  
P1 P 0.7856(3) 0.02495(13) 0.37205(9) 0.0315(4) Uani 1 1 d . . .  
F1 F 0.1803(6) 0.3812(3) 0.3972(3) 0.0537(11) Uani 1 1 d . . .  
F2 F 0.0923(5) 0.5746(3) 0.4397(2) 0.0497(10) Uani 1 1 d . . .  
F3 F 0.1622(6) 0.2410(3) 0.9002(2) 0.0472(10) Uani 1 1 d . . .  
F4 F 0.0271(5) 0.3999(3) 0.8060(2) 0.0465(10) Uani 1 1 d . . .  
F5 F 0.7392(6) 0.5642(3) 0.8870(2) 0.0464(10) Uani 1 1 d . . .  
F6 F 0.8756(5) 0.4038(3) 0.9806(2) 0.0447(10) Uani 1 1 d . . .  
C1 C 0.5472(9) 0.3973(5) 0.4770(3) 0.0285(14) Uani 1 1 d . . .  
C2 C 0.3440(9) 0.4389(5) 0.4488(4) 0.0306(14) Uani 1 1 d . . .  
C3 C 0.2967(9) 0.5377(5) 0.4702(4) 0.0329(15) Uani 1 1 d . . .  
C4 C 0.5220(10) 0.3172(5) 0.9425(4) 0.0320(14) Uani 1 1 d . . .  
C5 C 0.3070(10) 0.3206(5) 0.8976(4) 0.0330(15) Uani 1 1 d . . .  
C6 C 0.2371(9) 0.4029(5) 0.8498(4) 0.0320(15) Uani 1 1 d . . .  
C7 C 0.3774(9) 0.4863(5) 0.8436(3) 0.0281(14) Uani 1 1 d . . .  
C8 C 0.5935(10) 0.4842(5) 0.8904(4) 0.0346(15) Uani 1 1 d . . .  
C9 C 0.6632(9) 0.4025(5) 0.9374(3) 0.0305(14) Uani 1 1 d . . .  
C10 C 1.0337(9) 0.0084(5) 0.4556(3) 0.0309(14) Uani 1 1 d . . .  
H10A H 1.1160 -0.0502 0.4380 0.037 Uiso 1 1 calc R . .  
H10B H 1.1328 0.0691 0.4595 0.037 Uiso 1 1 calc R . .  
C11 C 0.6612(9) -0.1048(5) 0.3480(3) 0.0294(14) Uani 1 1 d . . .  
529 
 
C12 C 0.4383(9) -0.1107(5) 0.3051(4) 0.0318(14) Uani 1 1 d . . .  
H12A H 0.3619 -0.0509 0.2917 0.038 Uiso 1 1 calc R . .  
C13 C 0.3318(10) -0.2068(5) 0.2826(4) 0.0355(16) Uani 1 1 d . . .  
H13A H 0.1852 -0.2105 0.2528 0.043 Uiso 1 1 calc R . .  
C14 C 0.4396(10) -0.2961(5) 0.3035(4) 0.0351(15) Uani 1 1 d . . .  
H14A H 0.3665 -0.3599 0.2892 0.042 Uiso 1 1 calc R . .  
C15 C 0.6630(10) -0.2889(5) 0.3469(3) 0.0358(15) Uani 1 1 d . . .  
H15A H 0.7384 -0.3487 0.3612 0.043 Uiso 1 1 calc R . .  
C16 C 0.7710(10) -0.1950(5) 0.3685(4) 0.0334(15) Uani 1 1 d . . .  
H16A H 0.9188 -0.1917 0.3971 0.040 Uiso 1 1 calc R . .  
C17 C 0.9191(9) 0.0480(4) 0.2761(3) 0.0250(13) Uani 1 1 d . . .  
C18 C 0.8804(9) -0.0156(4) 0.1996(3) 0.0280(14) Uani 1 1 d . . .  
H18A H 0.7812 -0.0723 0.1959 0.034 Uiso 1 1 calc R . .  
C19 C 0.9893(10) 0.0055(5) 0.1291(4) 0.0365(16) Uani 1 1 d . . .  
H19A H 0.9663 -0.0383 0.0791 0.044 Uiso 1 1 calc R . .  
C20 C 1.1298(11) 0.0900(5) 0.1328(4) 0.0457(18) Uani 1 1 d . . .  
H20A H 1.2005 0.1046 0.0850 0.055 Uiso 1 1 calc R . .  
C21 C 1.1670(11) 0.1539(5) 0.2074(4) 0.0429(18) Uani 1 1 d . . .  
H21A H 1.2662 0.2105 0.2101 0.052 Uiso 1 1 calc R . .  
C22 C 1.0586(10) 0.1352(5) 0.2785(4) 0.0356(16) Uani 1 1 d . . .  
H22A H 1.0792 0.1807 0.3274 0.043 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0272(2) 0.0356(2) 0.0314(2) 0.00753(18) 0.00109(16) -0.00030(18)  
I2 0.0522(3) 0.0463(3) 0.0525(3) 0.0184(2) 0.0174(2) 0.0091(2)  
I3 0.0580(3) 0.0470(3) 0.0512(3) 0.0146(2) -0.0112(2) 0.0016(2)  
P1 0.0257(9) 0.0472(11) 0.0198(7) -0.0014(7) 0.0000(6) -0.0040(8)  
F1 0.030(2) 0.045(2) 0.075(3) -0.015(2) -0.0212(18) 0.0055(18)  
F2 0.028(2) 0.044(2) 0.070(3) -0.006(2) -0.0164(17) 0.0105(18)  
F3 0.035(2) 0.037(2) 0.069(3) -0.0031(19) 0.0119(18) -0.0154(17)  
F4 0.026(2) 0.060(3) 0.048(2) -0.006(2) -0.0105(16) -0.0029(18)  
F5 0.040(2) 0.042(2) 0.053(2) 0.0093(19) -0.0044(17) -0.0189(18)  
F6 0.027(2) 0.060(3) 0.044(2) 0.0126(19) -0.0085(15) -0.0053(18)  
C1 0.021(3) 0.038(4) 0.027(3) 0.004(3) 0.002(2) 0.003(3)  
C2 0.027(3) 0.032(4) 0.031(3) -0.005(3) -0.001(3) -0.005(3)  
C3 0.018(3) 0.046(4) 0.034(3) 0.011(3) -0.002(2) 0.005(3)  
C4 0.034(4) 0.036(4) 0.028(3) -0.001(3) 0.011(3) 0.003(3)  
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C5 0.025(3) 0.032(4) 0.042(4) -0.005(3) 0.011(3) -0.012(3)  
C6 0.022(3) 0.041(4) 0.029(3) -0.008(3) -0.003(2) -0.008(3)  
C7 0.030(3) 0.033(4) 0.020(3) -0.002(3) 0.002(2) -0.002(3)  
C8 0.036(4) 0.035(4) 0.032(3) 0.001(3) 0.005(3) -0.014(3)  
C9 0.015(3) 0.046(4) 0.029(3) 0.005(3) -0.001(2) -0.007(3)  
C10 0.024(3) 0.042(4) 0.026(3) -0.006(3) 0.001(2) -0.003(3)  
C11 0.029(3) 0.039(4) 0.021(3) 0.002(3) 0.005(2) -0.001(3)  
C12 0.022(3) 0.039(4) 0.035(3) 0.006(3) 0.006(3) 0.000(3)  
C13 0.029(4) 0.047(4) 0.029(3) 0.000(3) 0.002(3) -0.003(3)  
C14 0.028(3) 0.048(4) 0.029(3) 0.001(3) 0.006(3) -0.007(3)  
C15 0.036(4) 0.045(4) 0.028(3) 0.004(3) 0.010(3) 0.001(3)  
C16 0.020(3) 0.056(4) 0.024(3) -0.001(3) 0.003(2) -0.001(3)  
C17 0.024(3) 0.029(3) 0.021(3) 0.002(3) -0.002(2) 0.003(3)  
C18 0.030(3) 0.027(3) 0.025(3) 0.001(3) 0.002(2) -0.006(3)  
C19 0.044(4) 0.043(4) 0.023(3) 0.004(3) 0.008(3) -0.003(3)  
C20 0.041(4) 0.063(5) 0.037(4) 0.019(4) 0.015(3) -0.006(4)  
C21 0.045(4) 0.043(4) 0.038(4) 0.013(3) -0.004(3) -0.017(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.105(6) . ?  
I1 P1 3.250(2) . ?  
I1 I3 3.8897(12) 2_666 ?  
I2 C4 2.067(6) . ?  
I3 C7 2.062(6) . ?  
I3 I1 3.8897(12) 2_666 ?  
P1 C17 1.822(6) . ?  
P1 C11 1.827(6) . ?  
P1 C10 1.845(5) . ?  
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F1 C2 1.355(6) . ?  
F2 C3 1.357(6) . ?  
F3 C5 1.341(6) . ?  
F4 C6 1.339(6) . ?  
F5 C8 1.349(6) . ?  
F6 C9 1.349(6) . ?  
C1 C2 1.369(8) . ?  
C1 C3 1.388(7) 2_666 ?  
C2 C3 1.360(8) . ?  
C3 C1 1.388(7) 2_666 ?  
C4 C5 1.375(8) . ?  
C4 C9 1.392(8) . ?  
C5 C6 1.369(9) . ?  
C6 C7 1.371(8) . ?  
C7 C8 1.390(8) . ?  
C8 C9 1.356(8) . ?  
C10 C10 1.513(10) 2_756 ?  
C11 C16 1.388(9) . ?  
C11 C12 1.402(7) . ?  
C12 C13 1.394(8) . ?  
C13 C14 1.374(9) . ?  
C14 C15 1.407(8) . ?  
C15 C16 1.371(8) . ?  
C17 C22 1.388(7) . ?  
C17 C18 1.398(7) . ?  
C18 C19 1.386(8) . ?  
C19 C20 1.362(8) . ?  
C20 C21 1.377(8) . ?  
C21 C22 1.387(8) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 P1 171.22(15) . . ?  
C1 I1 I3 77.14(15) . 2_666 ?  
P1 I1 I3 96.51(4) . 2_666 ?  
C7 I3 I1 147.46(16) . 2_666 ?  
C17 P1 C11 102.9(3) . . ?  
C17 P1 C10 101.1(2) . . ?  
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C11 P1 C10 104.5(3) . . ?  
C17 P1 I1 107.3(2) . . ?  
C11 P1 I1 135.7(2) . . ?  
C10 P1 I1 100.7(2) . . ?  
C2 C1 C3 115.6(5) . 2_666 ?  
C2 C1 I1 121.3(4) . . ?  
C3 C1 I1 123.1(4) 2_666 . ?  
F1 C2 C3 117.3(5) . . ?  
F1 C2 C1 120.0(5) . . ?  
C3 C2 C1 122.7(5) . . ?  
F2 C3 C2 119.9(5) . . ?  
F2 C3 C1 118.5(6) . 2_666 ?  
C2 C3 C1 121.6(5) . 2_666 ?  
C5 C4 C9 116.2(6) . . ?  
C5 C4 I2 123.0(4) . . ?  
C9 C4 I2 120.7(4) . . ?  
F3 C5 C6 119.0(5) . . ?  
F3 C5 C4 119.2(6) . . ?  
C6 C5 C4 121.8(5) . . ?  
F4 C6 C5 118.5(5) . . ?  
F4 C6 C7 119.5(6) . . ?  
C5 C6 C7 122.0(5) . . ?  
C6 C7 C8 116.5(6) . . ?  
C6 C7 I3 122.1(4) . . ?  
C8 C7 I3 121.2(4) . . ?  
F5 C8 C9 119.2(5) . . ?  
F5 C8 C7 119.3(6) . . ?  
C9 C8 C7 121.5(5) . . ?  
F6 C9 C8 119.2(5) . . ?  
F6 C9 C4 118.9(5) . . ?  
C8 C9 C4 121.9(5) . . ?  
C10 C10 P1 111.4(5) 2_756 . ?  
C16 C11 C12 119.3(5) . . ?  
C16 C11 P1 125.0(4) . . ?  
C12 C11 P1 115.7(5) . . ?  
C13 C12 C11 119.6(6) . . ?  
C14 C13 C12 121.2(6) . . ?  
C13 C14 C15 118.5(6) . . ?  
C16 C15 C14 121.0(6) . . ?  
C15 C16 C11 120.4(5) . . ?  
C22 C17 C18 118.9(5) . . ?  
C22 C17 P1 117.9(4) . . ?  
C18 C17 P1 123.1(4) . . ?  
C19 C18 C17 120.3(5) . . ?  
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C20 C19 C18 120.3(6) . . ?  
C19 C20 C21 119.9(6) . . ?  
C20 C21 C22 121.0(6) . . ?  
C21 C22 C17 119.5(6) . . ?  
  
_diffrn_measured_fraction_theta_max    0.864  
_diffrn_reflns_theta_full              26.28  
_diffrn_measured_fraction_theta_full   0.864  
_refine_diff_density_max    1.499  
_refine_diff_density_min   -0.888  






































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,2-bis(diphenylphosphino)ethane dioxide 1,4-
dibromotetrafluorobenzene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C32 H24 Br2 F4 O2 P2'  
_chemical_formula_weight          738.27  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'P2(1)/c'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  




_cell_length_a                    17.080(3)  
_cell_length_b                    5.6901(11)  
_cell_length_c                    16.425(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  117.75(3)  
_cell_angle_gamma                 90.00  
_cell_volume                      1412.8(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     50  
_cell_measurement_theta_min       2.3876  
_cell_measurement_theta_max       26.3714  
  
_exptl_crystal_description        'Platelet'  
_exptl_crystal_colour             'Colorless' 
_exptl_crystal_size_max           0.18  
_exptl_crystal_size_mid           0.18 
_exptl_crystal_size_min           0.08  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.736  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              736  
_exptl_absorpt_coefficient_mu     3.040  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.6603  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 





Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             4389  
_diffrn_reflns_av_R_equivalents   0.0570  
_diffrn_reflns_av_sigmaI/netI     0.0970  
_diffrn_reflns_limit_h_min        -13  
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_diffrn_reflns_limit_h_max        18  
_diffrn_reflns_limit_k_min        -7  
_diffrn_reflns_limit_k_max        5  
_diffrn_reflns_limit_l_min        -18  
_diffrn_reflns_limit_l_max        17  
_diffrn_reflns_theta_min          2.84  
_diffrn_reflns_theta_max          26.37  
_reflns_number_total              1830  
_reflns_number_gt                 1201  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0834P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          1830  
_refine_ls_number_parameters      190  
_refine_ls_number_restraints      0  
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_refine_ls_R_factor_all           0.0820  
_refine_ls_R_factor_gt            0.0557  
_refine_ls_wR_factor_ref          0.1553  
_refine_ls_wR_factor_gt           0.1333  
_refine_ls_goodness_of_fit_ref    0.999  
_refine_ls_restrained_S_all       0.999  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Br1 Br 0.68124(5) 0.69344(15) 0.61078(5) 0.0396(4) Uani 1 1 d . . .  
P1 P 0.12421(12) 0.6740(3) 0.51995(11) 0.0244(6) Uani 1 1 d . . .  
F2 F 0.4963(3) 0.6021(7) 0.5890(3) 0.0374(12) Uani 1 1 d . . .  
F1 F 0.6504(3) 1.1418(8) 0.4969(3) 0.0365(12) Uani 1 1 d . . .  
C6 C 0.3718(5) 0.6734(15) 0.7368(4) 0.031(2) Uani 1 1 d . . .  
H6A H 0.4055 0.7748 0.7849 0.037 Uiso 1 1 calc R . .  
C12 C 0.0818(5) 0.3449(13) 0.2795(4) 0.0248(19) Uani 1 1 d . . .  
H12A H 0.0574 0.2053 0.2486 0.030 Uiso 1 1 calc R . .  
C14 C 0.1477(5) 0.7189(13) 0.2867(5) 0.0273(19) Uani 1 1 d . . .  
H14A H 0.1689 0.8311 0.2607 0.033 Uiso 1 1 calc R . .  
C8 C 0.3570(5) 0.3089(13) 0.6582(5) 0.031(2) Uani 1 1 d . . .  
H8A H 0.3808 0.1667 0.6524 0.037 Uiso 1 1 calc R . .  
C3 C 0.5001(5) 0.7985(12) 0.5457(5) 0.029(2) Uani 1 1 d . . .  
O1 O 0.1111(5) 0.9206(13) 0.5275(4) 0.070(2) Uani 1 1 d . . .  
C2 C 0.5766(5) 1.0689(14) 0.4998(5) 0.030(2) Uani 1 1 d . . .  
C15 C 0.1501(4) 0.7625(12) 0.3706(5) 0.0232(19) Uani 1 1 d . . .  
H15A H 0.1733 0.9036 0.4008 0.028 Uiso 1 1 calc R . .  
C10 C 0.1184(4) 0.5981(12) 0.4103(4) 0.0214(18) Uani 1 1 d . . .  
C16 C 0.0493(4) 0.4732(12) 0.5338(4) 0.0232(18) Uani 1 1 d . . .  
H16A H 0.0630 0.3139 0.5236 0.028 Uiso 1 1 calc R . .  
H16B H 0.0582 0.4831 0.5965 0.028 Uiso 1 1 calc R . .  
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C4 C 0.2345(5) 0.5785(13) 0.6035(4) 0.0253(18) Uani 1 1 d . . .  
C5 C 0.2855(5) 0.7335(13) 0.6744(5) 0.029(2) Uani 1 1 d . . .  
H5A H 0.2619 0.8763 0.6799 0.035 Uiso 1 1 calc R . .  
C13 C 0.1135(5) 0.5063(13) 0.2405(5) 0.0275(19) Uani 1 1 d . . .  
H13A H 0.1124 0.4756 0.1843 0.033 Uiso 1 1 calc R . .  
C7 C 0.4080(5) 0.4608(14) 0.7274(5) 0.032(2) Uani 1 1 d . . .  
H7A H 0.4664 0.4229 0.7680 0.039 Uiso 1 1 calc R . .  
C11 C 0.0854(5) 0.3860(12) 0.3642(5) 0.0240(18) Uani 1 1 d . . .  
H11A H 0.0658 0.2713 0.3907 0.029 Uiso 1 1 calc R . .  
C9 C 0.2700(5) 0.3647(13) 0.5964(5) 0.031(2) Uani 1 1 d . . .  
H9A H 0.2357 0.2589 0.5504 0.037 Uiso 1 1 calc R . .  
C19 C 0.5778(5) 0.8677(13) 0.5465(4) 0.0263(19) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Br1 0.0282(5) 0.0462(5) 0.0410(5) 0.0066(4) 0.0133(4) 0.0126(4)  
P1 0.0173(9) 0.0345(10) 0.0203(9) 0.0002(7) 0.0077(8) -0.0024(8)  
F2 0.041(3) 0.027(2) 0.045(2) 0.0093(19) 0.021(2) 0.000(2)  
F1 0.023(2) 0.045(3) 0.046(3) 0.003(2) 0.020(2) -0.002(2)  
C6 0.021(4) 0.052(5) 0.021(3) -0.004(3) 0.011(3) -0.015(4)  
C12 0.017(3) 0.033(4) 0.022(3) 0.001(3) 0.008(3) 0.003(3)  
C14 0.024(4) 0.037(4) 0.027(4) 0.004(3) 0.017(3) -0.003(3)  
C8 0.029(4) 0.033(4) 0.030(4) 0.001(3) 0.014(3) -0.003(4)  
C3 0.032(4) 0.025(3) 0.027(4) -0.002(3) 0.011(3) 0.002(4)  
O1 0.074(5) 0.055(4) 0.066(4) -0.005(3) 0.020(4) 0.010(4)  
C2 0.029(4) 0.040(4) 0.025(4) -0.010(3) 0.016(3) -0.003(4)  
C15 0.013(3) 0.026(4) 0.031(4) -0.002(3) 0.010(3) 0.000(3)  
C10 0.015(3) 0.028(3) 0.021(3) 0.005(3) 0.009(3) -0.001(3)  
C16 0.022(4) 0.026(3) 0.023(3) 0.002(3) 0.012(3) 0.005(3)  
C4 0.021(4) 0.037(4) 0.021(3) 0.002(3) 0.011(3) -0.005(3)  
C5 0.024(4) 0.037(4) 0.024(3) -0.001(3) 0.010(3) -0.001(3)  
C13 0.024(4) 0.039(4) 0.023(3) -0.001(3) 0.015(3) -0.002(4)  
C7 0.018(4) 0.046(5) 0.031(4) 0.007(3) 0.011(3) 0.000(4)  
C11 0.027(4) 0.021(3) 0.029(4) 0.007(3) 0.017(3) 0.002(3)  
C9 0.030(4) 0.029(4) 0.032(4) -0.006(3) 0.014(3) -0.005(3)  






 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Br1 C19 1.866(7) . ?  
P1 O1 1.435(7) . ?  
P1 C16 1.807(8) . ?  
P1 C10 1.810(7) . ?  
P1 C4 1.822(7) . ?  
F2 C3 1.343(8) . ?  
F1 C2 1.348(9) . ?  
C6 C5 1.390(10) . ?  
C6 C7 1.400(11) . ?  
C12 C13 1.367(11) . ?  
C12 C11 1.384(10) . ?  
C14 C15 1.382(11) . ?  
C14 C13 1.403(10) . ?  
C8 C7 1.370(10) . ?  
C8 C9 1.390(10) . ?  
C3 C19 1.378(11) . ?  
C3 C2 1.390(11) 3_676 ?  
C2 C19 1.373(11) . ?  
C2 C3 1.390(11) 3_676 ?  
C15 C10 1.387(10) . ?  
C10 C11 1.396(9) . ?  
C16 C16 1.557(12) 3_566 ?  
C4 C9 1.388(10) . ?  
C4 C5 1.396(9) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
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 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
O1 P1 C16 117.3(4) . . ?  
O1 P1 C10 112.4(4) . . ?  
C16 P1 C10 105.1(3) . . ?  
O1 P1 C4 112.0(4) . . ?  
C16 P1 C4 105.1(3) . . ?  
C10 P1 C4 103.7(3) . . ?  
C5 C6 C7 120.2(7) . . ?  
C13 C12 C11 121.0(7) . . ?  
C15 C14 C13 120.4(7) . . ?  
C7 C8 C9 120.8(7) . . ?  
F2 C3 C19 121.1(7) . . ?  
F2 C3 C2 118.1(8) . 3_676 ?  
C19 C3 C2 120.8(7) . 3_676 ?  
F1 C2 C19 120.4(7) . . ?  
F1 C2 C3 118.4(7) . 3_676 ?  
C19 C2 C3 121.2(8) . 3_676 ?  
C14 C15 C10 120.8(6) . . ?  
C15 C10 C11 118.4(7) . . ?  
C15 C10 P1 117.0(5) . . ?  
C11 C10 P1 124.6(6) . . ?  
C16 C16 P1 112.4(6) 3_566 . ?  
C9 C4 C5 119.7(6) . . ?  
C9 C4 P1 122.5(5) . . ?  
C5 C4 P1 117.7(6) . . ?  
C6 C5 C4 119.7(7) . . ?  
C12 C13 C14 118.8(7) . . ?  
C8 C7 C6 119.5(7) . . ?  
C12 C11 C10 120.6(7) . . ?  
C4 C9 C8 119.9(7) . . ?  
C2 C19 C3 118.0(7) . . ?  
C2 C19 Br1 121.5(6) . . ?  
C3 C19 Br1 120.5(6) . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
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 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
C16 H16A O1  0.97 2.37 3.334(10) 169.9 1_545  
  
_diffrn_measured_fraction_theta_max    0.635  
_diffrn_reflns_theta_full              26.37  
_diffrn_measured_fraction_theta_full   0.635  
_refine_diff_density_max    0.975  
_refine_diff_density_min   -0.668  







































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,2-bis(diphenylphosphino)ethane 1,4-
diiodotetrafluorobenzene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C32 H24 F4 I2 P2'  
_chemical_formula_weight          800.25  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'P2(1)/n'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    13.242(4)  
_cell_length_b                    5.8868(15)  
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_cell_length_c                    19.399(5)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.15(1)  
_cell_angle_gamma                 90.00  
_cell_volume                      1512.2(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     6677  
_cell_measurement_theta_min       3.1533  
_cell_measurement_theta_max       26.0212  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Collorless'  
_exptl_crystal_size_max           0.18  
_exptl_crystal_size_mid           0.14  
_exptl_crystal_size_min           0.12  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.758  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              776  
_exptl_absorpt_coefficient_mu     2.231  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.8470  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             11886  
_diffrn_reflns_av_R_equivalents   0.0222  
_diffrn_reflns_av_sigmaI/netI     0.0143  
_diffrn_reflns_limit_h_min        -15  
_diffrn_reflns_limit_h_max        16  
_diffrn_reflns_limit_k_min        -7  
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_diffrn_reflns_limit_k_max        7  
_diffrn_reflns_limit_l_min        -23  
_diffrn_reflns_limit_l_max        23  
_diffrn_reflns_theta_min          4.33  
_diffrn_reflns_theta_max          26.02  
_reflns_number_total              2677  
_reflns_number_gt                 2624  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0010P)^2^+4.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2677  
_refine_ls_number_parameters      181  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0257  
_refine_ls_R_factor_gt            0.0250  
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_refine_ls_wR_factor_ref          0.0514  
_refine_ls_wR_factor_gt           0.0511  
_refine_ls_goodness_of_fit_ref    1.018  
_refine_ls_restrained_S_all       1.018  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.251011(11) -0.13734(3) 0.456424(8) 0.01853(8) Uani 1 1 d . . .  
P2 P 0.45928(4) -0.33452(10) 0.39982(3) 0.01405(13) Uani 1 1 d . . .  
F2 F 0.08215(13) -0.3884(3) 0.55046(10) 0.0345(4) Uani 1 1 d . . .  
C1 C 0.10147(18) -0.0536(4) 0.48422(12) 0.0178(5) Uani 1 1 d . . .  
C2 C 0.05636(19) 0.1423(4) 0.45975(13) 0.0204(5) Uani 1 1 d . . .  
C3 C 0.0426(2) -0.1944(4) 0.52504(13) 0.0213(5) Uani 1 1 d . . .  
F1 F 0.10850(13) 0.2869(3) 0.41962(10) 0.0361(4) Uani 1 1 d . . .  
C4 C 0.58370(18) -0.2214(4) 0.37731(11) 0.0153(4) Uani 1 1 d . . .  
C7 C 0.7667(2) -0.0242(5) 0.33803(14) 0.0263(6) Uani 1 1 d . . .  
H7A H 0.8277 0.0415 0.3253 0.032 Uiso 1 1 calc R . .  
C10 C 0.42763(18) -0.5135(4) 0.32550(12) 0.0158(4) Uani 1 1 d . . .  
C11 C 0.34577(18) -0.6619(4) 0.33217(13) 0.0190(5) Uani 1 1 d . . .  
H11A H 0.3078 -0.6606 0.3724 0.023 Uiso 1 1 calc R . .  
C6 C 0.6767(2) 0.0839(5) 0.32252(14) 0.0260(5) Uani 1 1 d . . .  
H6A H 0.6771 0.2214 0.2989 0.031 Uiso 1 1 calc R . .  
C15 C 0.48006(19) -0.5093(5) 0.26330(13) 0.0211(5) Uani 1 1 d . . .  
H15A H 0.5329 -0.4071 0.2573 0.025 Uiso 1 1 calc R . .  
C16 C 0.48583(18) -0.5544(4) 0.46537(11) 0.0169(5) Uani 1 1 d . . .  
H16A H 0.4267 -0.6495 0.4713 0.020 Uiso 1 1 calc R . .  
H16B H 0.5409 -0.6500 0.4498 0.020 Uiso 1 1 calc R . .  
C12 C 0.3203(2) -0.8114(5) 0.27938(14) 0.0240(5) Uani 1 1 d . . .  
H12A H 0.2667 -0.9118 0.2849 0.029 Uiso 1 1 calc R . .  
C5 C 0.58581(19) -0.0133(4) 0.34236(13) 0.0211(5) Uani 1 1 d . . .  
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H5A H 0.5255 0.0608 0.3323 0.025 Uiso 1 1 calc R . .  
C13 C 0.3751(2) -0.8107(5) 0.21839(14) 0.0253(6) Uani 1 1 d . . .  
H13A H 0.3590 -0.9124 0.1833 0.030 Uiso 1 1 calc R . .  
C14 C 0.4540(2) -0.6571(5) 0.21000(13) 0.0251(5) Uani 1 1 d . . .  
H14A H 0.4894 -0.6531 0.1687 0.030 Uiso 1 1 calc R . .  
C9 C 0.67518(19) -0.3290(4) 0.39200(13) 0.0206(5) Uani 1 1 d . . .  
H9A H 0.6754 -0.4677 0.4150 0.025 Uiso 1 1 calc R . .  
C8 C 0.7660(2) -0.2295(5) 0.37244(15) 0.0261(6) Uani 1 1 d . . .  
H8A H 0.8267 -0.3019 0.3826 0.031 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.01534(10) 0.01979(10) 0.02046(10) 0.00053(6) 0.00105(5) 0.00191(6)  
P2 0.0128(3) 0.0164(3) 0.0130(3) 0.0001(2) 0.0017(2) 0.0008(2)  
F2 0.0283(9) 0.0263(8) 0.0490(10) 0.0205(8) 0.0092(7) 0.0123(7)  
C1 0.0146(11) 0.0194(11) 0.0194(11) 0.0007(9) 0.0010(9) 0.0021(9)  
C2 0.0180(12) 0.0199(12) 0.0235(12) 0.0069(10) 0.0052(9) -0.0002(9)  
C3 0.0210(12) 0.0188(12) 0.0241(12) 0.0049(10) 0.0020(10) 0.0055(10)  
F1 0.0273(9) 0.0298(9) 0.0514(11) 0.0221(8) 0.0172(8) 0.0049(7)  
C4 0.0164(11) 0.0152(11) 0.0144(10) -0.0014(8) 0.0029(8) -0.0005(9)  
C7 0.0192(12) 0.0296(14) 0.0301(14) -0.0013(11) 0.0076(10) -0.0050(11)  
C10 0.0159(11) 0.0166(11) 0.0148(11) 0.0015(8) -0.0024(8) 0.0037(9)  
C11 0.0161(12) 0.0224(12) 0.0185(11) 0.0018(9) -0.0010(9) 0.0015(9)  
C6 0.0281(14) 0.0218(13) 0.0283(13) 0.0065(11) 0.0049(11) -0.0020(11)  
C15 0.0192(12) 0.0265(13) 0.0175(11) 0.0005(10) 0.0009(9) -0.0017(10)  
C16 0.0196(12) 0.0170(11) 0.0141(11) 0.0010(9) 0.0016(9) -0.0014(9)  
C12 0.0219(13) 0.0248(13) 0.0252(13) 0.0017(10) -0.0064(10) -0.0035(10)  
C5 0.0190(12) 0.0203(12) 0.0241(12) 0.0024(10) 0.0010(9) 0.0032(10)  
C13 0.0290(14) 0.0262(13) 0.0207(12) -0.0049(10) -0.0090(10) 0.0020(11)  
C14 0.0266(13) 0.0339(15) 0.0147(11) -0.0027(10) -0.0003(9) 0.0024(11)  
C9 0.0185(12) 0.0212(12) 0.0221(12) 0.0034(10) 0.0008(9) 0.0031(9)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
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 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.112(2) . ?  
I1 P2 3.1899(9) . ?  
P2 C4 1.831(2) . ?  
P2 C10 1.833(2) . ?  
P2 C16 1.848(2) . ?  
F2 C3 1.349(3) . ?  
C1 C2 1.382(3) . ?  
C1 C3 1.387(4) . ?  
C2 F1 1.345(3) . ?  
C2 C3 1.378(4) 3_556 ?  
C3 C2 1.378(4) 3_556 ?  
C4 C9 1.396(3) . ?  
C4 C5 1.401(3) . ?  
C7 C8 1.381(4) . ?  
C7 C6 1.383(4) . ?  
C10 C15 1.394(3) . ?  
C10 C11 1.398(4) . ?  
C11 C12 1.391(4) . ?  
C6 C5 1.388(4) . ?  
C15 C14 1.394(4) . ?  
C16 C16 1.534(4) 3_646 ?  
C12 C13 1.389(4) . ?  
C13 C14 1.392(4) . ?  
C9 C8 1.391(4) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
550 
 
C1 I1 P2 170.02(7) . . ?  
C4 P2 C10 103.03(11) . . ?  
C4 P2 C16 104.43(11) . . ?  
C10 P2 C16 100.44(11) . . ?  
C4 P2 I1 136.82(8) . . ?  
C10 P2 I1 106.49(8) . . ?  
C16 P2 I1 100.43(8) . . ?  
C2 C1 C3 116.8(2) . . ?  
C2 C1 I1 120.77(18) . . ?  
C3 C1 I1 122.35(18) . . ?  
F1 C2 C3 118.2(2) . 3_556 ?  
F1 C2 C1 120.3(2) . . ?  
C3 C2 C1 121.5(2) 3_556 . ?  
F2 C3 C2 118.6(2) . 3_556 ?  
F2 C3 C1 119.7(2) . . ?  
C2 C3 C1 121.7(2) 3_556 . ?  
C9 C4 C5 118.5(2) . . ?  
C9 C4 P2 124.57(19) . . ?  
C5 C4 P2 116.91(18) . . ?  
C8 C7 C6 120.1(2) . . ?  
C15 C10 C11 118.6(2) . . ?  
C15 C10 P2 123.86(19) . . ?  
C11 C10 P2 117.52(18) . . ?  
C12 C11 C10 120.9(2) . . ?  
C7 C6 C5 119.8(2) . . ?  
C10 C15 C14 120.5(2) . . ?  
C16 C16 P2 110.8(2) 3_646 . ?  
C13 C12 C11 119.9(2) . . ?  
C6 C5 C4 120.9(2) . . ?  
C12 C13 C14 119.7(2) . . ?  
C13 C14 C15 120.2(2) . . ?  
C8 C9 C4 120.2(2) . . ?  
C7 C8 C9 120.5(2) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
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 _geom_torsion_publ_flag  
C1 I1 P2 C4 150.2(4) . . . . ?  
C1 I1 P2 C10 18.9(4) . . . . ?  
C1 I1 P2 C16 -85.3(4) . . . . ?  
P2 I1 C1 C2 -111.6(4) . . . . ?  
P2 I1 C1 C3 65.7(5) . . . . ?  
C3 C1 C2 F1 -179.8(2) . . . . ?  
I1 C1 C2 F1 -2.3(3) . . . . ?  
C3 C1 C2 C3 -0.3(4) . . . 3_556 ?  
I1 C1 C2 C3 177.1(2) . . . 3_556 ?  
C2 C1 C3 F2 179.9(2) . . . . ?  
I1 C1 C3 F2 2.5(3) . . . . ?  
C2 C1 C3 C2 0.3(4) . . . 3_556 ?  
I1 C1 C3 C2 -177.1(2) . . . 3_556 ?  
C10 P2 C4 C9 -87.7(2) . . . . ?  
C16 P2 C4 C9 16.8(2) . . . . ?  
I1 P2 C4 C9 140.02(17) . . . . ?  
C10 P2 C4 C5 91.6(2) . . . . ?  
C16 P2 C4 C5 -163.79(18) . . . . ?  
I1 P2 C4 C5 -40.6(2) . . . . ?  
C4 P2 C10 C15 -12.7(2) . . . . ?  
C16 P2 C10 C15 -120.4(2) . . . . ?  
I1 P2 C10 C15 135.36(19) . . . . ?  
C4 P2 C10 C11 167.40(18) . . . . ?  
C16 P2 C10 C11 59.8(2) . . . . ?  
I1 P2 C10 C11 -44.50(19) . . . . ?  
C15 C10 C11 C12 3.5(4) . . . . ?  
P2 C10 C11 C12 -176.66(19) . . . . ?  
C8 C7 C6 C5 0.7(4) . . . . ?  
C11 C10 C15 C14 -2.7(4) . . . . ?  
P2 C10 C15 C14 177.4(2) . . . . ?  
C4 P2 C16 C16 74.0(2) . . . 3_646 ?  
C10 P2 C16 C16 -179.5(2) . . . 3_646 ?  
I1 P2 C16 C16 -70.4(2) . . . 3_646 ?  
C10 C11 C12 C13 -1.5(4) . . . . ?  
C7 C6 C5 C4 -0.7(4) . . . . ?  
C9 C4 C5 C6 0.2(4) . . . . ?  
P2 C4 C5 C6 -179.2(2) . . . . ?  
C11 C12 C13 C14 -1.2(4) . . . . ?  
C12 C13 C14 C15 2.0(4) . . . . ?  
C10 C15 C14 C13 0.0(4) . . . . ?  
C5 C4 C9 C8 0.3(4) . . . . ?  
P2 C4 C9 C8 179.7(2) . . . . ?  
C6 C7 C8 C9 -0.2(4) . . . . ?  
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C4 C9 C8 C7 -0.3(4) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.900  
_diffrn_reflns_theta_full              26.02  
_diffrn_measured_fraction_theta_full   0.900  
_refine_diff_density_max    1.019  
_refine_diff_density_min   -0.313  









































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1,2-bis(diphenylphosphino)ethane 1,4-
diiodotetrafluorobenzene'  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C32 H24 F4 I2 P2'  
_chemical_formula_weight          800.25  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    5.9963(11)  
_cell_length_b                    11.9188(17)  
_cell_length_c                    12.039(2)  
_cell_angle_alpha                 63.045(12)  
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_cell_angle_beta                  87.20(2)  
_cell_angle_gamma                 82.760(18)  
_cell_volume                      760.7(3)  
_cell_formula_units_Z             1  
_cell_measurement_temperature     163.1500  
_cell_measurement_reflns_used     3069  
_cell_measurement_theta_min       1.9302  
_cell_measurement_theta_max       26.3095  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.24  
_exptl_crystal_size_mid           0.18  
_exptl_crystal_size_min           0.12  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.686  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              372  
_exptl_absorpt_coefficient_mu     2.214  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.6976  
_exptl_absorpt_correction_T_max   1.0000 




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998.  
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
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_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             6462  
_diffrn_reflns_av_R_equivalents   0.0219  
_diffrn_reflns_av_sigmaI/netI     0.0247  
_diffrn_reflns_limit_h_min        -7  
_diffrn_reflns_limit_h_max        7  
_diffrn_reflns_limit_k_min        -14  
_diffrn_reflns_limit_k_max        13  
_diffrn_reflns_limit_l_min        -14  
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_diffrn_reflns_limit_l_max        14  
_diffrn_reflns_theta_min          1.90  
_diffrn_reflns_theta_max          26.30  
_reflns_number_total              3007  
_reflns_number_gt                 2873  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.4 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0749P)^2^+1.4576P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.000(2)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          3007  
_refine_ls_number_parameters      182  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0325  
_refine_ls_R_factor_gt            0.0310  
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_refine_ls_wR_factor_ref          0.0909  
_refine_ls_wR_factor_gt           0.0881  
_refine_ls_goodness_of_fit_ref    0.878  
_refine_ls_restrained_S_all       0.878  
_refine_ls_shift/su_max           1.557  
_refine_ls_shift/su_mean          0.009  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.37008(3) 0.191942(18) 0.202818(17) 0.02748(13) Uani 1 1 d . . .  
P2 P -0.19259(13) 0.07383(8) 0.62240(8) 0.02340(19) Uani 1 1 d . . .  
F2 F 0.1022(3) 0.4700(2) 0.1217(2) 0.0361(5) Uani 1 1 d . . .  
F1 F 0.7978(4) 0.2972(2) 0.0289(2) 0.0405(5) Uani 1 1 d . . .  
C3 C 0.3005(5) 0.4830(3) 0.0615(3) 0.0245(6) Uani 1 1 d . . .  
C9 C -0.0413(5) 0.1245(3) 0.7170(3) 0.0257(6) Uani 1 1 d . . .  
C4 C -0.3244(5) 0.2239(3) 0.5030(3) 0.0229(6) Uani 1 1 d . . .  
C1 C 0.6471(5) 0.3961(3) 0.0158(3) 0.0269(6) Uani 1 1 d . . .  
C2 C 0.4467(6) 0.3763(3) 0.0794(3) 0.0264(6) Uani 1 1 d . . .  
C6 C -0.2220(6) 0.3007(3) 0.3914(3) 0.0282(7) Uani 1 1 d . . .  
H6A H -0.0803 0.2731 0.3720 0.034 Uiso 1 1 calc R . .  
C5 C -0.5385(6) 0.2680(3) 0.5280(3) 0.0296(7) Uani 1 1 d . . .  
H5A H -0.6109 0.2175 0.6005 0.035 Uiso 1 1 calc R . .  
C8 C -0.5407(6) 0.4611(3) 0.3375(3) 0.0354(8) Uani 1 1 d . . .  
H8A H -0.6112 0.5404 0.2833 0.042 Uiso 1 1 calc R . .  
C13 C 0.0432(5) 0.0249(3) 0.5430(3) 0.0248(6) Uani 1 1 d . . .  
H13A H 0.1253 0.0966 0.4942 0.030 Uiso 1 1 calc R . .  
H13B H 0.1457 -0.0411 0.6048 0.030 Uiso 1 1 calc R . .  
C7 C -0.3307(6) 0.4179(3) 0.3096(3) 0.0310(7) Uani 1 1 d . . .  
H7A H -0.2619 0.4676 0.2354 0.037 Uiso 1 1 calc R . .  
C11 C 0.0954(7) 0.0318(4) 0.8138(4) 0.0376(8) Uani 1 1 d . . .  
H11A H 0.1063 -0.0522 0.8281 0.045 Uiso 1 1 calc R . .  
C10 C -0.0595(6) 0.2499(4) 0.6997(4) 0.0325(7) Uani 1 1 d . . .  
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H10A H -0.1523 0.3130 0.6371 0.039 Uiso 1 1 calc R . .  
C12 C 0.2156(8) 0.0640(5) 0.8891(4) 0.0533(11) Uani 1 1 d . . .  
H12A H 0.3079 0.0017 0.9526 0.064 Uiso 1 1 calc R . .  
C16 C -0.6453(6) 0.3857(4) 0.4468(4) 0.0360(8) Uani 1 1 d . . .  
H16A H -0.7869 0.4140 0.4656 0.043 Uiso 1 1 calc R . .  
C15 C 0.0607(8) 0.2793(5) 0.7760(5) 0.0472(10) Uani 1 1 d . . .  
H15A H 0.0479 0.3629 0.7634 0.057 Uiso 1 1 calc R . .  
C14 C 0.1986(8) 0.1890(5) 0.8700(5) 0.0514(11) Uani 1 1 d . . .  
H14A H 0.2790 0.2110 0.9199 0.062 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.02726(17) 0.02856(17) 0.02537(17) -0.01106(11) 0.00036(9) -0.00343(10)  
P2 0.0234(4) 0.0221(4) 0.0273(4) -0.0136(3) 0.0015(3) -0.0023(3)  
F2 0.0250(10) 0.0387(11) 0.0393(11) -0.0143(9) 0.0110(8) -0.0027(8)  
F1 0.0348(11) 0.0290(11) 0.0480(13) -0.0122(10) 0.0108(9) 0.0054(9)  
C3 0.0209(14) 0.0285(16) 0.0231(14) -0.0108(12) 0.0034(11) -0.0035(12)  
C9 0.0242(14) 0.0308(16) 0.0242(15) -0.0148(13) 0.0040(12) -0.0028(12)  
C4 0.0233(14) 0.0222(14) 0.0267(15) -0.0140(12) -0.0022(12) -0.0023(11)  
C1 0.0253(15) 0.0289(16) 0.0269(15) -0.0142(13) -0.0013(12) 0.0026(12)  
C2 0.0264(15) 0.0265(15) 0.0226(14) -0.0077(12) -0.0006(12) -0.0039(12)  
C6 0.0263(15) 0.0298(16) 0.0317(17) -0.0175(14) 0.0018(13) -0.0009(13)  
C5 0.0237(15) 0.0335(18) 0.0337(17) -0.0177(15) 0.0021(13) -0.0013(13)  
C8 0.0383(19) 0.0305(18) 0.0342(18) -0.0142(15) -0.0081(15) 0.0083(15)  
C13 0.0224(14) 0.0267(15) 0.0338(16) -0.0217(14) -0.0021(12) 0.0006(12)  
C7 0.0368(18) 0.0302(17) 0.0262(16) -0.0130(14) 0.0007(13) -0.0044(14)  
C11 0.0398(19) 0.0366(19) 0.0345(19) -0.0151(16) -0.0053(15) 0.0000(15)  
C10 0.0289(16) 0.0355(18) 0.0394(19) -0.0234(16) -0.0006(14) 0.0008(14)  
C12 0.051(3) 0.072(3) 0.037(2) -0.027(2) -0.0149(19) 0.006(2)  
C16 0.0267(16) 0.042(2) 0.0386(19) -0.0204(17) -0.0008(14) 0.0061(15)  
C15 0.046(2) 0.057(3) 0.064(3) -0.049(2) -0.003(2) -0.0049(19)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
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 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C2 2.116(3) . ?  
I1 C1 3.072(4) . ?  
I1 C3 3.075(3) . ?  
I1 P2 3.1913(15) 2_556 ?  
P2 C4 1.820(3) . ?  
P2 C9 1.830(3) . ?  
P2 C13 1.849(3) . ?  
P2 I1 3.1913(15) 2_556 ?  
F2 C3 1.351(4) . ?  
F1 C1 1.345(4) . ?  
C3 C1 1.382(5) 2_665 ?  
C3 C2 1.385(5) . ?  
C9 C11 1.395(5) . ?  
C9 C10 1.403(5) . ?  
C4 C5 1.397(4) . ?  
C4 C6 1.402(5) . ?  
C1 C2 1.380(5) . ?  
C1 C3 1.382(5) 2_665 ?  
C6 C7 1.390(5) . ?  
C5 C16 1.388(5) . ?  
C8 C7 1.384(5) . ?  
C8 C16 1.386(6) . ?  
C13 C13 1.542(6) 2_556 ?  
C11 C12 1.393(6) . ?  
C10 C15 1.381(5) . ?  
C12 C14 1.391(8) . ?  
C15 C14 1.373(7) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
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 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C2 I1 C1 22.51(11) . . ?  
C2 I1 C3 22.59(11) . . ?  
C1 I1 C3 45.09(8) . . ?  
C2 I1 P2 173.01(9) . 2_556 ?  
C1 I1 P2 162.75(6) . 2_556 ?  
C3 I1 P2 151.53(6) . 2_556 ?  
C4 P2 C9 102.28(15) . . ?  
C4 P2 C13 104.93(15) . . ?  
C9 P2 C13 100.96(14) . . ?  
C4 P2 I1 133.65(11) . 2_556 ?  
C9 P2 I1 109.51(11) . 2_556 ?  
C13 P2 I1 101.17(11) . 2_556 ?  
F2 C3 C1 118.5(3) . 2_665 ?  
F2 C3 C2 119.8(3) . . ?  
C1 C3 C2 121.8(3) 2_665 . ?  
F2 C3 I1 83.86(18) . . ?  
C1 C3 I1 157.6(2) 2_665 . ?  
C2 C3 I1 35.92(17) . . ?  
C11 C9 C10 118.5(3) . . ?  
C11 C9 P2 117.7(3) . . ?  
C10 C9 P2 123.8(3) . . ?  
C5 C4 C6 118.1(3) . . ?  
C5 C4 P2 117.1(3) . . ?  
C6 C4 P2 124.7(2) . . ?  
F1 C1 C2 120.3(3) . . ?  
F1 C1 C3 118.3(3) . 2_665 ?  
C2 C1 C3 121.3(3) . 2_665 ?  
F1 C1 I1 84.43(19) . . ?  
C2 C1 I1 35.93(17) . . ?  
C3 C1 I1 157.2(2) 2_665 . ?  
C1 C2 C3 116.9(3) . . ?  
C1 C2 I1 121.6(2) . . ?  
C3 C2 I1 121.5(2) . . ?  
C7 C6 C4 120.5(3) . . ?  
C16 C5 C4 121.2(3) . . ?  
C7 C8 C16 119.7(3) . . ?  
C13 C13 P2 110.9(3) 2_556 . ?  
C8 C7 C6 120.6(3) . . ?  
C12 C11 C9 120.5(4) . . ?  
C15 C10 C9 119.8(4) . . ?  
C14 C12 C11 120.4(4) . . ?  
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C8 C16 C5 120.0(3) . . ?  
C14 C15 C10 122.0(4) . . ?  
C15 C14 C12 118.7(4) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C2 I1 C3 F2 178.8(4) . . . . ?  
C1 I1 C3 F2 179.8(2) . . . . ?  
P2 I1 C3 F2 7.7(3) 2_556 . . . ?  
C2 I1 C3 C1 -5.0(5) . . . 2_665 ?  
C1 I1 C3 C1 -4.0(6) . . . 2_665 ?  
P2 I1 C3 C1 -176.2(5) 2_556 . . 2_665 ?  
C1 I1 C3 C2 1.0(3) . . . . ?  
P2 I1 C3 C2 -171.2(2) 2_556 . . . ?  
C4 P2 C9 C11 -175.2(3) . . . . ?  
C13 P2 C9 C11 -67.1(3) . . . . ?  
I1 P2 C9 C11 39.0(3) 2_556 . . . ?  
C4 P2 C9 C10 6.5(3) . . . . ?  
C13 P2 C9 C10 114.6(3) . . . . ?  
I1 P2 C9 C10 -139.3(3) 2_556 . . . ?  
C9 P2 C4 C5 -90.0(3) . . . . ?  
C13 P2 C4 C5 165.0(2) . . . . ?  
I1 P2 C4 C5 42.9(3) 2_556 . . . ?  
C9 P2 C4 C6 86.6(3) . . . . ?  
C13 P2 C4 C6 -18.4(3) . . . . ?  
I1 P2 C4 C6 -140.5(2) 2_556 . . . ?  
C2 I1 C1 F1 -178.7(4) . . . . ?  
C3 I1 C1 F1 -179.7(2) . . . . ?  
P2 I1 C1 F1 -12.4(4) 2_556 . . . ?  
C3 I1 C1 C2 -1.0(3) . . . . ?  
P2 I1 C1 C2 166.3(2) 2_556 . . . ?  
C2 I1 C1 C3 4.9(5) . . . 2_665 ?  
C3 I1 C1 C3 4.0(6) . . . 2_665 ?  
P2 I1 C1 C3 171.2(5) 2_556 . . 2_665 ?  
F1 C1 C2 C3 179.7(3) . . . . ?  
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C3 C1 C2 C3 0.5(5) 2_665 . . . ?  
I1 C1 C2 C3 178.3(5) . . . . ?  
F1 C1 C2 I1 1.5(4) . . . . ?  
C3 C1 C2 I1 -177.8(2) 2_665 . . . ?  
F2 C3 C2 C1 -179.7(3) . . . . ?  
C1 C3 C2 C1 -0.5(5) 2_665 . . . ?  
I1 C3 C2 C1 -178.3(5) . . . . ?  
F2 C3 C2 I1 -1.4(4) . . . . ?  
C1 C3 C2 I1 177.8(2) 2_665 . . . ?  
C3 I1 C2 C1 178.2(5) . . . . ?  
P2 I1 C2 C1 -144.8(6) 2_556 . . . ?  
C1 I1 C2 C3 -178.2(5) . . . . ?  
P2 I1 C2 C3 37.0(9) 2_556 . . . ?  
C5 C4 C6 C7 0.8(5) . . . . ?  
P2 C4 C6 C7 -175.7(3) . . . . ?  
C6 C4 C5 C16 -1.6(5) . . . . ?  
P2 C4 C5 C16 175.2(3) . . . . ?  
C4 P2 C13 C13 -74.8(3) . . . 2_556 ?  
C9 P2 C13 C13 179.1(3) . . . 2_556 ?  
I1 P2 C13 C13 66.5(3) 2_556 . . 2_556 ?  
C16 C8 C7 C6 -1.4(6) . . . . ?  
C4 C6 C7 C8 0.7(5) . . . . ?  
C10 C9 C11 C12 -1.8(6) . . . . ?  
P2 C9 C11 C12 179.8(3) . . . . ?  
C11 C9 C10 C15 1.5(5) . . . . ?  
P2 C9 C10 C15 179.8(3) . . . . ?  
C9 C11 C12 C14 0.9(7) . . . . ?  
C7 C8 C16 C5 0.6(6) . . . . ?  
C4 C5 C16 C8 0.9(6) . . . . ?  
C9 C10 C15 C14 -0.3(6) . . . . ?  
C10 C15 C14 C12 -0.5(7) . . . . ?  
C11 C12 C14 C15 0.2(7) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.971  
_diffrn_reflns_theta_full              26.30  
_diffrn_measured_fraction_theta_full   0.971  
_refine_diff_density_max    1.493  
_refine_diff_density_min   -0.846  












_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C42 H20 F12 I6 N6'  
_chemical_formula_weight          1598.05  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    8.5034(15)  
_cell_length_b                    10.7316(11)  
_cell_length_c                    13.2147(23)  
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_cell_angle_alpha                 74.821(16)  
_cell_angle_beta                  84.90(2)  
_cell_angle_gamma                 73.385(18)  
_cell_volume                      1120.0(4)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     293(2)  
_cell_measurement_reflns_used     ?  
_cell_measurement_theta_min       ?  
_cell_measurement_theta_max       ?  
  
_exptl_crystal_description        ?  
_exptl_crystal_colour             ?  
_exptl_crystal_size_max           ?  
_exptl_crystal_size_mid           ?  
_exptl_crystal_size_min           ?  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.331  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              752  
_exptl_absorpt_coefficient_mu     2.881  
_exptl_absorpt_correction_type    ?  
_exptl_absorpt_correction_T_min   ?  
_exptl_absorpt_correction_T_max   ?  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. ?  
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             11065  
_diffrn_reflns_av_R_equivalents   0.0315  
_diffrn_reflns_av_sigmaI/netI     0.0438  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -13  
_diffrn_reflns_limit_k_max        13  
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_diffrn_reflns_limit_l_min        -16  
_diffrn_reflns_limit_l_max        16  
_diffrn_reflns_theta_min          2.89  
_diffrn_reflns_theta_max          26.37  
_reflns_number_total              4463  
_reflns_number_gt                 3678  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0674P)^2^+6.3015P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          4463  
_refine_ls_number_parameters      298  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0670  
_refine_ls_R_factor_gt            0.0548  
_refine_ls_wR_factor_ref          0.1453  
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_refine_ls_wR_factor_gt           0.1307  
_refine_ls_goodness_of_fit_ref    1.127  
_refine_ls_restrained_S_all       1.127  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.22654(7) 0.84404(5) 0.68780(4) 0.03414(17) Uani 1 1 d . . .  
I2 I 0.11128(6) 0.74106(5) 1.23272(4) 0.03133(17) Uani 1 1 d . . .  
I3 I 0.34875(7) 0.24331(6) 0.97129(6) 0.0454(2) Uani 1 1 d . . .  
F1 F 0.1058(6) 0.6247(5) 0.8620(4) 0.0373(11) Uani 1 1 d . . .  
F2 F 0.0693(6) 0.5806(5) 1.0688(4) 0.0351(10) Uani 1 1 d . . .  
F3 F 0.2115(6) 0.9787(5) 1.0552(4) 0.0346(10) Uani 1 1 d . . .  
F4 F 0.2607(6) 1.0168(5) 0.8499(4) 0.0362(11) Uani 1 1 d . . .  
F5 F 0.4796(7) 0.4672(6) 0.8050(4) 0.0467(13) Uani 1 1 d . . .  
F6 F 0.6023(7) 0.6609(5) 0.8296(4) 0.0469(13) Uani 1 1 d . . .  
N1 N 0.5978(8) 0.5744(6) 0.4420(5) 0.0275(13) Uani 1 1 d . . .  
N2 N 0.2738(8) 0.8584(6) 0.4613(5) 0.0296(14) Uani 1 1 d . . .  
N3 N 0.9354(8) 0.3190(7) 0.5480(5) 0.0301(14) Uani 1 1 d . . .  
C1 C 0.1847(10) 0.8220(8) 0.8489(6) 0.0308(16) Uani 1 1 d . . .  
C2 C 0.1317(10) 0.7132(8) 0.9090(6) 0.0301(16) Uani 1 1 d . . .  
C3 C 0.1116(9) 0.6914(7) 1.0163(6) 0.0254(15) Uani 1 1 d . . .  
C4 C 0.1320(9) 0.7806(7) 1.0686(6) 0.0250(14) Uani 1 1 d . . .  
C5 C 0.1843(10) 0.8892(8) 1.0087(6) 0.0302(16) Uani 1 1 d . . .  
C6 C 0.2077(9) 0.9095(7) 0.9022(6) 0.0273(15) Uani 1 1 d . . .  
C7 C 0.4372(10) 0.3979(8) 0.9878(7) 0.0328(17) Uani 1 1 d . . .  
C8 C 0.4911(9) 0.4819(8) 0.9023(6) 0.0306(16) Uani 1 1 d . . .  
C9 C 0.5530(9) 0.5824(8) 0.9138(6) 0.0327(17) Uani 1 1 d . . .  
C10 C 0.4412(10) 0.6326(8) 0.4568(6) 0.0270(15) Uani 1 1 d . . .  
C11 C 0.6611(9) 0.4452(8) 0.4830(5) 0.0261(15) Uani 1 1 d . . .  
C12 C 0.3870(9) 0.7799(8) 0.4105(6) 0.0274(15) Uani 1 1 d . . .  
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C13 C 0.4557(10) 0.8333(9) 0.3148(6) 0.0336(17) Uani 1 1 d . . .  
H13A H 0.5390 0.7787 0.2829 0.040 Uiso 1 1 calc R . .  
C14 C 0.3981(11) 0.9684(9) 0.2682(7) 0.040(2) Uani 1 1 d . . .  
H14A H 0.4405 1.0058 0.2039 0.048 Uiso 1 1 calc R . .  
C15 C 0.2774(11) 1.0469(8) 0.3184(7) 0.0378(19) Uani 1 1 d . . .  
H15A H 0.2339 1.1376 0.2876 0.045 Uiso 1 1 calc R . .  
C16 C 0.2221(11) 0.9891(9) 0.4148(7) 0.0379(18) Uani 1 1 d . . .  
H16A H 0.1443 1.0438 0.4498 0.046 Uiso 1 1 calc R . .  
C17 C 0.8419(10) 0.3962(8) 0.4649(6) 0.0268(15) Uani 1 1 d . . .  
C18 C 0.9058(10) 0.4349(8) 0.3646(6) 0.0325(17) Uani 1 1 d . . .  
H18A H 0.8374 0.4889 0.3096 0.039 Uiso 1 1 calc R . .  
C19 C 1.0731(11) 0.3914(8) 0.3486(7) 0.0350(18) Uani 1 1 d . . .  
H19A H 1.1183 0.4133 0.2819 0.042 Uiso 1 1 calc R . .  
C20 C 1.1720(10) 0.3158(9) 0.4314(7) 0.0375(18) Uani 1 1 d . . .  
H20A H 1.2849 0.2856 0.4223 0.045 Uiso 1 1 calc R . .  
C21 C 1.0983(11) 0.2853(10) 0.5298(7) 0.042(2) Uani 1 1 d . . .  
H21A H 1.1663 0.2387 0.5867 0.050 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0349(3) 0.0354(3) 0.0308(3) -0.0045(2) -0.0004(2) -0.0110(2)  
I2 0.0311(3) 0.0324(3) 0.0316(3) -0.0079(2) -0.0026(2) -0.0098(2)  
I3 0.0338(3) 0.0327(3) 0.0730(4) -0.0141(3) -0.0048(3) -0.0125(2)  
F1 0.049(3) 0.030(2) 0.040(3) -0.011(2) 0.004(2) -0.022(2)  
F2 0.042(3) 0.034(2) 0.034(2) -0.006(2) 0.003(2) -0.020(2)  
F3 0.041(3) 0.029(2) 0.041(3) -0.015(2) 0.001(2) -0.015(2)  
F4 0.037(3) 0.030(2) 0.042(3) -0.002(2) 0.001(2) -0.017(2)  
F5 0.052(3) 0.047(3) 0.039(3) -0.012(2) 0.001(2) -0.010(2)  
F6 0.048(3) 0.040(3) 0.046(3) 0.006(2) -0.002(2) -0.017(2)  
N1 0.030(3) 0.026(3) 0.025(3) -0.004(2) -0.005(2) -0.007(3)  
N2 0.025(3) 0.025(3) 0.040(4) -0.009(3) 0.003(3) -0.008(2)  
N3 0.021(3) 0.028(3) 0.039(4) -0.008(3) -0.003(3) -0.004(2)  
C1 0.032(4) 0.026(4) 0.031(4) 0.002(3) -0.004(3) -0.010(3)  
C2 0.035(4) 0.025(4) 0.033(4) -0.005(3) 0.001(3) -0.014(3)  
C3 0.023(3) 0.026(4) 0.030(4) -0.002(3) 0.000(3) -0.017(3)  
C4 0.022(3) 0.022(3) 0.034(4) -0.008(3) -0.007(3) -0.008(3)  
C5 0.033(4) 0.027(4) 0.032(4) -0.006(3) -0.002(3) -0.011(3)  
C6 0.020(3) 0.024(4) 0.037(4) -0.002(3) -0.003(3) -0.009(3)  
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C7 0.031(4) 0.026(4) 0.043(4) -0.009(3) 0.003(3) -0.011(3)  
C8 0.020(4) 0.032(4) 0.038(4) -0.008(3) 0.000(3) -0.006(3)  
C9 0.026(4) 0.032(4) 0.033(4) 0.003(3) 0.002(3) -0.008(3)  
C10 0.036(4) 0.026(4) 0.022(3) -0.009(3) 0.000(3) -0.013(3)  
C11 0.030(4) 0.031(4) 0.020(3) -0.008(3) 0.004(3) -0.012(3)  
C12 0.030(4) 0.026(4) 0.027(4) -0.004(3) -0.001(3) -0.009(3)  
C13 0.030(4) 0.036(4) 0.035(4) -0.005(3) 0.005(3) -0.015(3)  
C14 0.041(5) 0.044(5) 0.036(4) 0.001(4) 0.005(3) -0.027(4)  
C15 0.041(5) 0.028(4) 0.045(5) -0.008(4) 0.003(4) -0.011(4)  
C16 0.041(5) 0.031(4) 0.043(5) -0.015(4) 0.005(4) -0.009(3)  
C17 0.033(4) 0.027(4) 0.023(3) -0.010(3) -0.001(3) -0.009(3)  
C18 0.039(4) 0.028(4) 0.031(4) -0.008(3) -0.001(3) -0.010(3)  
C19 0.038(4) 0.032(4) 0.040(4) -0.013(3) 0.008(3) -0.018(3)  
C20 0.027(4) 0.048(5) 0.047(5) -0.024(4) 0.007(3) -0.017(4)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.091(8) . ?  
I1 N2 2.957(7) . ?  
I1 C2 3.042(8) . ?  
I1 C6 3.079(8) . ?  
I2 C4 2.101(8) . ?  
I2 N3 2.819(7) 2_667 ?  
I2 C3 3.048(8) . ?  
I2 C5 3.076(8) . ?  
I3 C7 2.079(8) . ?  
I3 C9 3.026(9) 2_667 ?  
I3 C8 3.042(8) . ?  
F1 C2 1.342(9) . ?  
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F2 C3 1.341(8) . ?  
F3 C5 1.352(9) . ?  
F4 C6 1.355(8) . ?  
F5 C8 1.353(10) . ?  
F6 C9 1.326(9) . ?  
N1 C11 1.320(10) . ?  
N1 C10 1.321(10) . ?  
N2 C16 1.336(11) . ?  
N2 C12 1.346(10) . ?  
N3 C21 1.346(11) . ?  
N3 C17 1.351(10) . ?  
N3 I2 2.819(7) 2_667 ?  
C1 C6 1.379(12) . ?  
C1 C2 1.398(10) . ?  
C2 C3 1.381(11) . ?  
C3 C4 1.378(10) . ?  
C4 C5 1.393(10) . ?  
C5 C6 1.373(11) . ?  
C7 C8 1.384(11) . ?  
C7 C9 1.386(12) 2_667 ?  
C8 C9 1.378(12) . ?  
C9 C7 1.386(12) 2_667 ?  
C9 I3 3.026(9) 2_667 ?  
C10 C11 1.427(10) 2_666 ?  
C10 C12 1.491(10) . ?  
C11 C10 1.427(10) 2_666 ?  
C11 C17 1.496(11) . ?  
C12 C13 1.397(11) . ?  
C13 C14 1.381(12) . ?  
C14 C15 1.374(13) . ?  
C15 C16 1.370(12) . ?  
C17 C18 1.394(11) . ?  
C18 C19 1.382(12) . ?  
C19 C20 1.367(13) . ?  
C20 C21 1.395(13) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
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C1 I1 N2 175.6(2) . . ?  
C1 I1 C2 23.4(3) . . ?  
N2 I1 C2 152.21(19) . . ?  
C1 I1 C6 21.9(3) . . ?  
N2 I1 C6 162.44(18) . . ?  
C2 I1 C6 45.3(2) . . ?  
C4 I2 N3 176.0(2) . 2_667 ?  
C4 I2 C3 22.8(2) . . ?  
N3 I2 C3 154.00(19) 2_667 . ?  
C4 I2 C5 22.6(2) . . ?  
N3 I2 C5 160.7(2) 2_667 . ?  
C3 I2 C5 45.27(19) . . ?  
C7 I3 C9 23.3(3) . 2_667 ?  
C7 I3 C8 22.8(3) . . ?  
C9 I3 C8 46.1(2) 2_667 . ?  
C11 N1 C10 120.7(7) . . ?  
C16 N2 C12 117.9(7) . . ?  
C16 N2 I1 104.4(5) . . ?  
C12 N2 I1 130.3(5) . . ?  
C21 N3 C17 115.9(7) . . ?  
C21 N3 I2 106.8(5) . 2_667 ?  
C17 N3 I2 135.1(5) . 2_667 ?  
C6 C1 C2 116.3(7) . . ?  
C6 C1 I1 123.7(5) . . ?  
C2 C1 I1 120.0(6) . . ?  
F1 C2 C3 119.0(6) . . ?  
F1 C2 C1 119.4(7) . . ?  
C3 C2 C1 121.6(7) . . ?  
F1 C2 I1 82.9(4) . . ?  
C3 C2 I1 158.0(5) . . ?  
C1 C2 I1 36.5(4) . . ?  
F2 C3 C4 120.5(7) . . ?  
F2 C3 C2 117.9(7) . . ?  
C4 C3 C2 121.6(7) . . ?  
F2 C3 I2 84.3(4) . . ?  
C4 C3 I2 36.2(4) . . ?  
C2 C3 I2 157.8(5) . . ?  
C3 C4 C5 116.6(7) . . ?  
C3 C4 I2 121.0(5) . . ?  
C5 C4 I2 122.1(5) . . ?  
F3 C5 C6 118.3(7) . . ?  
F3 C5 C4 119.9(7) . . ?  
C6 C5 C4 121.8(7) . . ?  
F3 C5 I2 84.7(4) . . ?  
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C6 C5 I2 156.9(6) . . ?  
C4 C5 I2 35.4(4) . . ?  
F4 C6 C5 118.0(7) . . ?  
F4 C6 C1 119.9(7) . . ?  
C5 C6 C1 122.0(7) . . ?  
F4 C6 I1 85.5(4) . . ?  
C5 C6 I1 156.3(5) . . ?  
C1 C6 I1 34.4(4) . . ?  
C8 C7 C9 118.0(8) . 2_667 ?  
C8 C7 I3 121.6(6) . . ?  
C9 C7 I3 120.4(6) 2_667 . ?  
F5 C8 C9 119.2(7) . . ?  
F5 C8 C7 119.4(7) . . ?  
C9 C8 C7 121.4(8) . . ?  
F5 C8 I3 83.8(4) . . ?  
C9 C8 I3 157.0(6) . . ?  
C7 C8 I3 35.6(4) . . ?  
F6 C9 C8 119.3(8) . . ?  
F6 C9 C7 120.1(8) . 2_667 ?  
C8 C9 C7 120.6(7) . 2_667 ?  
F6 C9 I3 83.8(5) . 2_667 ?  
C8 C9 I3 156.9(6) . 2_667 ?  
C7 C9 I3 36.3(4) 2_667 2_667 ?  
N1 C10 C11 119.7(7) . 2_666 ?  
N1 C10 C12 115.4(7) . . ?  
C11 C10 C12 124.9(7) 2_666 . ?  
N1 C11 C10 119.5(7) . 2_666 ?  
N1 C11 C17 114.3(6) . . ?  
C10 C11 C17 126.1(7) 2_666 . ?  
N2 C12 C13 121.5(7) . . ?  
N2 C12 C10 119.6(6) . . ?  
C13 C12 C10 118.9(7) . . ?  
C14 C13 C12 119.0(8) . . ?  
C15 C14 C13 119.0(7) . . ?  
C16 C15 C14 118.7(8) . . ?  
N2 C16 C15 123.6(8) . . ?  
N3 C17 C18 123.3(7) . . ?  
N3 C17 C11 117.9(6) . . ?  
C18 C17 C11 118.7(7) . . ?  
C19 C18 C17 118.5(8) . . ?  
C20 C19 C18 119.7(8) . . ?  
C19 C20 C21 118.0(8) . . ?  





 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
N3 C17 C11 N1 132.0(7) . . . . ?  
N1 C10 C12 N2 -144.0(7) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.972  
_diffrn_reflns_theta_full              26.37  
_diffrn_measured_fraction_theta_full   0.972  
_refine_diff_density_max    2.139  
_refine_diff_density_min   -1.533  





























_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C36 H16 Cl2 F8 I2 N6'  
_chemical_formula_weight           1157.10 
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Triclinic'  
_symmetry_space_group_name_H-M    'P-1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    10.426(6)  
_cell_length_b                    10.575(7)  
_cell_length_c                    13.092(6)  
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_cell_angle_alpha                 87.10(4)  
_cell_angle_beta                  74.96(4)  
_cell_angle_gamma                 84.85(4)  
_cell_volume                      1387.8(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     3860  
_cell_measurement_theta_min       2.6940  
_cell_measurement_theta_max       26.4402  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Colorless'  
_exptl_crystal_size_max           0.22  
_exptl_crystal_size_mid           0.20  
_exptl_crystal_size_min           0.19  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.263  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              919  
_exptl_absorpt_coefficient_mu     2.004  
_exptl_absorpt_correction_type    'None'  
_exptl_absorpt_correction_T_min   0.0000  
_exptl_absorpt_correction_T_max   0.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 




_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             13725  
_diffrn_reflns_av_R_equivalents   0.0957  
_diffrn_reflns_av_sigmaI/netI     0.1011  
_diffrn_reflns_limit_h_min        -12  
_diffrn_reflns_limit_h_max        13  
_diffrn_reflns_limit_k_min        -13  
_diffrn_reflns_limit_k_max        13  
577 
 
_diffrn_reflns_limit_l_min        -16  
_diffrn_reflns_limit_l_max        16  
_diffrn_reflns_theta_min          2.48  
_diffrn_reflns_theta_max          26.37  
_reflns_number_total              5613  
_reflns_number_gt                 3260  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0000(10)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          5613  
_refine_ls_number_parameters      389  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.1640  
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_refine_ls_R_factor_gt            0.1105  
_refine_ls_wR_factor_ref          0.3283  
_refine_ls_wR_factor_gt           0.2613  
_refine_ls_goodness_of_fit_ref    1.591  
_refine_ls_restrained_S_all       1.591  
_refine_ls_shift/su_max           4.334  
_refine_ls_shift/su_mean          0.011  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.69468(10) 0.01898(11) 0.21722(8) 0.0445(4) Uani 1 1 d . . .  
I2 I 0.36169(9) 0.61525(10) 0.94348(7) 0.0389(4) Uani 1 1 d . . .  
Cl1 Cl 0.9327(9) -0.4560(9) 0.6415(5) 0.113(3) Uani 1 1 d . . .  
Cl2A Cl 1.124(3) -0.282(3) 0.667(3) 0.109(12) Uani 0.55 1 d P . .  
Cl3A Cl 0.9159(19) -0.212(2) 0.5604(15) 0.098(6) Uani 0.55 1 d P . .  
Cl2B Cl 1.151(4) -0.337(4) 0.652(3) 0.112(14) Uani 0.45 1 d P . .  
Cl3B Cl 0.990(3) -0.197(2) 0.545(2) 0.110(8) Uani 0.45 1 d P . .  
F1 F 0.4608(10) 0.2417(10) 0.2913(7) 0.054(3) Uani 1 1 d . . .  
F2 F 0.3826(10) 0.3771(10) 0.4663(8) 0.057(3) Uani 1 1 d . . .  
F3 F 0.6589(10) 0.0961(10) 0.6256(8) 0.053(3) Uani 1 1 d . . .  
F4 F 0.7448(9) -0.0311(10) 0.4462(7) 0.050(2) Uani 1 1 d . . .  
F5 F 0.1868(9) 0.4553(10) 0.8329(7) 0.050(2) Uani 1 1 d . . .  
F6 F 0.2513(8) 0.3061(11) 0.6655(9) 0.064(3) Uani 1 1 d . . .  
F7 F 0.7075(8) 0.3507(10) 0.6334(7) 0.047(2) Uani 1 1 d . . .  
F8 F 0.6445(8) 0.5076(10) 0.7948(7) 0.046(2) Uani 1 1 d . . .  
N1 N 0.8320(12) -0.1057(13) 0.0111(11) 0.042(3) Uani 1 1 d . . .  
N2 N 0.7508(12) 0.2188(13) -0.1171(10) 0.039(3) Uani 1 1 d . . .  
N3 N 0.4970(12) 0.1238(13) -0.0401(10) 0.039(3) Uani 1 1 d . . .  
C1 C 0.6115(15) 0.1060(16) 0.3613(11) 0.037(3) Uani 1 1 d . . .  
C2 C 0.5162(15) 0.2039(15) 0.3714(11) 0.035(3) Uani 1 1 d . . .  
C3 C 0.4691(14) 0.2706(15) 0.4621(14) 0.044(4) Uani 1 1 d . . .  
C4 C 0.5183(13) 0.2397(15) 0.5501(9) 0.031(3) Uani 1 1 d . . .  
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C5 C 0.6098(14) 0.1317(15) 0.5392(11) 0.037(3) Uani 1 1 d . . .  
C6 C 0.6545(13) 0.0703(16) 0.4492(13) 0.041(4) Uani 1 1 d . . .  
C7 C 0.4146(14) 0.4849(15) 0.8179(12) 0.035(3) Uani 1 1 d . . .  
C8 C 0.3188(13) 0.4296(14) 0.7847(11) 0.033(3) Uani 1 1 d . . .  
C9 C 0.3499(14) 0.3529(15) 0.7008(13) 0.040(4) Uani 1 1 d . . .  
C10 C 0.4828(14) 0.3234(15) 0.6472(12) 0.037(3) Uani 1 1 d . . .  
C11 C 0.5759(15) 0.3738(17) 0.6855(12) 0.041(4) Uani 1 1 d . . .  
C12 C 0.5440(14) 0.4556(17) 0.7696(12) 0.040(4) Uani 1 1 d . . .  
C13 C 0.9468(15) -0.1658(18) 0.0049(15) 0.049(4) Uani 1 1 d . . .  
H13A H 1.0089 -0.1308 0.0325 0.058 Uiso 1 1 calc R . .  
C14 C 0.9780(16) -0.2830(17) -0.0431(17) 0.057(5) Uani 1 1 d . . .  
H14A H 1.0644 -0.3210 -0.0551 0.069 Uiso 1 1 calc R . .  
C15 C 0.8823(16) -0.3431(17) -0.0729(14) 0.045(4) Uani 1 1 d . . .  
H15A H 0.9012 -0.4238 -0.1008 0.054 Uiso 1 1 calc R . .  
C16 C 0.7561(15) -0.2796(16) -0.0601(14) 0.045(4) Uani 1 1 d . . .  
H16A H 0.6866 -0.3181 -0.0751 0.054 Uiso 1 1 calc R . .  
C17 C 0.7394(13) -0.1590(16) -0.0248(11) 0.037(3) Uani 1 1 d . . .  
C18 C 0.6103(14) -0.0751(15) -0.0148(12) 0.038(3) Uani 1 1 d . . .  
C19 C 0.6119(12) 0.0482(16) -0.0567(10) 0.034(3) Uani 1 1 d . . .  
C20 C 0.7306(14) 0.1011(16) -0.1304(11) 0.036(3) Uani 1 1 d . . .  
C21 C 0.8178(14) 0.0281(16) -0.2109(11) 0.037(3) Uani 1 1 d . . .  
H21A H 0.8025 -0.0552 -0.2205 0.045 Uiso 1 1 calc R . .  
C22 C 0.9268(17) 0.0834(17) -0.2751(14) 0.047(4) Uani 1 1 d . . .  
H22A H 0.9863 0.0377 -0.3287 0.057 Uiso 1 1 calc R . .  
C23 C 0.9456(14) 0.2052(16) -0.2588(12) 0.044(4) Uani 1 1 d . . .  
H23A H 1.0175 0.2439 -0.3026 0.053 Uiso 1 1 calc R . .  
C24 C 0.8617(14) 0.2704(16) -0.1803(13) 0.043(4) Uani 1 1 d . . .  
H24A H 0.8789 0.3524 -0.1682 0.051 Uiso 1 1 calc R . .  
C25 C 1.040(2) -0.340(2) 0.5788(18) 0.070(6) Uani 1 1 d . . .  
H25A H 1.0990 -0.3685 0.5134 0.084 Uiso 1 1 d R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0355(6) 0.0505(7) 0.0457(6) -0.0050(5) -0.0077(4) 0.0003(5)  
I2 0.0214(5) 0.0479(7) 0.0452(6) -0.0034(4) -0.0052(4) 0.0004(4)  
Cl1 0.108(6) 0.146(7) 0.080(4) -0.012(4) 0.008(4) -0.083(6)  
Cl2A 0.097(19) 0.15(2) 0.095(10) -0.005(14) -0.022(11) -0.083(19)  
Cl3A 0.098(12) 0.104(12) 0.085(9) -0.003(8) -0.022(10) 0.031(11)  
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Cl2B 0.082(15) 0.17(3) 0.10(2) 0.06(2) -0.050(17) -0.05(2)  
Cl3B 0.116(18) 0.089(13) 0.109(14) 0.036(10) -0.017(15) 0.024(14)  
F1 0.045(6) 0.070(7) 0.050(5) 0.010(5) -0.020(4) 0.005(5)  
F2 0.040(5) 0.062(7) 0.067(6) -0.004(5) -0.019(5) 0.017(5)  
F3 0.038(5) 0.066(7) 0.060(5) -0.014(5) -0.027(4) 0.019(5)  
F4 0.037(5) 0.055(6) 0.055(5) -0.002(5) -0.013(4) 0.015(4)  
F5 0.023(4) 0.068(7) 0.055(5) 0.002(5) -0.005(4) 0.000(4)  
F6 0.013(4) 0.081(8) 0.100(8) -0.056(6) -0.005(4) -0.014(4)  
F7 0.018(4) 0.071(7) 0.050(5) -0.008(5) -0.006(4) 0.000(4)  
F8 0.016(4) 0.064(6) 0.057(5) -0.011(5) -0.003(4) -0.004(4)  
N1 0.023(6) 0.046(8) 0.052(7) -0.006(6) 0.003(5) -0.001(5)  
N2 0.028(6) 0.044(8) 0.048(7) -0.010(6) -0.015(5) 0.001(5)  
N3 0.018(6) 0.050(8) 0.042(6) -0.004(6) 0.000(5) 0.006(5)  
C1 0.035(8) 0.052(9) 0.030(6) -0.010(6) -0.012(6) -0.013(7)  
C2 0.031(8) 0.045(9) 0.029(6) -0.002(6) -0.006(6) 0.000(6)  
C3 0.017(7) 0.037(8) 0.069(10) 0.009(8) 0.003(6) 0.006(6)  
C4 0.025(7) 0.049(9) 0.016(5) -0.011(5) 0.001(5) 0.001(6)  
C5 0.019(6) 0.048(9) 0.043(8) 0.001(7) -0.006(6) -0.001(6)  
C6 0.011(6) 0.051(9) 0.056(9) 0.005(7) -0.002(6) 0.002(6)  
C7 0.018(6) 0.044(8) 0.046(8) -0.004(6) -0.013(6) -0.006(6)  
C8 0.018(6) 0.036(7) 0.041(7) -0.010(6) -0.005(5) 0.014(5)  
C9 0.016(7) 0.039(8) 0.057(9) -0.010(7) 0.006(6) 0.002(6)  
C10 0.019(7) 0.043(8) 0.048(8) -0.010(7) -0.006(6) -0.002(6)  
C11 0.022(7) 0.056(10) 0.047(8) 0.004(7) -0.011(6) -0.004(7)  
C12 0.018(7) 0.057(10) 0.045(8) -0.020(7) -0.002(6) -0.008(6)  
C13 0.017(7) 0.065(11) 0.073(11) 0.008(9) -0.027(7) -0.011(7)  
C14 0.018(7) 0.045(10) 0.099(14) 0.005(10) -0.005(8) 0.013(6)  
C15 0.032(8) 0.040(9) 0.065(10) -0.005(8) -0.014(7) 0.001(7)  
C16 0.025(7) 0.048(10) 0.062(10) -0.004(8) -0.006(7) -0.008(7)  
C17 0.010(6) 0.055(10) 0.044(8) 0.007(7) -0.008(5) 0.003(6)  
C18 0.024(7) 0.041(8) 0.046(8) -0.006(7) -0.007(6) -0.004(6)  
C19 0.010(6) 0.060(10) 0.031(6) -0.014(6) -0.004(5) 0.004(6)  
C20 0.019(7) 0.053(9) 0.037(7) 0.000(6) -0.010(5) 0.008(6)  
C21 0.027(7) 0.046(9) 0.036(7) 0.001(6) -0.005(6) 0.010(6)  
C22 0.038(9) 0.045(9) 0.056(9) -0.018(8) -0.007(7) 0.008(7)  
C23 0.017(7) 0.058(10) 0.044(8) -0.007(7) 0.019(6) -0.010(6)  
C24 0.018(7) 0.049(9) 0.061(9) -0.009(8) -0.004(6) -0.017(6)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
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 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.083(14) . ?  
I1 N1 3.015(13) . ?  
I1 C2 3.026(15) . ?  
I1 C6 3.027(17) . ?  
I1 F4 3.185(10) . ?  
I1 F1 3.226(10) . ?  
I1 C18 3.583(15) . ?  
I1 C17 3.671(16) . ?  
I1 N3 3.866(14) 2_655 ?  
I1 I2 4.375(2) 2_666 ?  
I1 N3 4.432(13) . ?  
I1 N2 4.682(13) . ?  
I2 C7 2.128(15) . ?  
I2 N2 2.876(13) 2_666 ?  
I2 C12 3.035(15) . ?  
I2 C8 3.071(15) . ?  
I2 F8 3.228(8) . ?  
I2 F5 3.233(10) . ?  
I2 F1 3.499(10) 2_666 ?  
I2 C24 3.553(16) 2_666 ?  
I2 F8 3.590(10) 2_667 ?  
I2 N3 3.666(14) 2_666 ?  
I2 I2 4.128(2) 2_667 ?  
I2 I1 4.3753(19) 2_666 ?  
Cl1 C25 1.76(2) . ?  
Cl2A Cl2B 0.65(6) . ?  
Cl2A C25 1.79(4) . ?  
Cl2A Cl3B 2.48(4) . ?  
Cl3A Cl3B 0.77(3) . ?  
Cl3A C25 1.84(3) . ?  
Cl2B C25 1.69(4) . ?  
Cl3B C25 1.64(3) . ?  
F1 C2 1.351(17) . ?  
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F1 I2 3.499(10) 2_666 ?  
F2 C3 1.372(17) . ?  
F3 C5 1.380(18) . ?  
F4 C6 1.357(17) . ?  
F5 C8 1.366(15) . ?  
F6 C9 1.370(18) . ?  
F7 C11 1.370(17) . ?  
F8 C12 1.345(17) . ?  
F8 I2 3.590(10) 2_667 ?  
N1 C13 1.29(2) . ?  
N1 C17 1.35(2) . ?  
N1 C14 2.32(2) . ?  
N1 C16 2.39(2) . ?  
N1 C18 2.41(2) . ?  
N1 C15 2.74(2) . ?  
N1 C19 2.99(2) . ?  
N1 C20 3.09(2) . ?  
N1 C21 3.20(2) . ?  
N1 N3 3.373(18) 2_655 ?  
N1 N2 3.87(2) . ?  
N2 C20 1.31(2) . ?  
N2 C24 1.375(19) . ?  
N2 C23 2.369(18) . ?  
N2 C21 2.37(2) . ?  
N2 C19 2.39(2) . ?  
N2 C22 2.75(2) . ?  
N2 N3 2.832(18) . ?  
N2 I2 2.876(13) 2_666 ?  
N3 C18 1.297(19) 2_655 ?  
N3 C19 1.354(18) . ?  
N3 C19 2.37(2) 2_655 ?  
N3 C18 2.37(2) . ?  
N3 C17 2.391(17) 2_655 ?  
N3 C20 2.412(18) . ?  
N3 N3 2.77(3) 2_655 ?  
N3 C16 3.01(2) 2_655 ?  
N3 N1 3.373(18) 2_655 ?  
N3 I2 3.666(14) 2_666 ?  
N3 I1 3.866(14) 2_655 ?  
C1 C2 1.36(2) . ?  
C1 C6 1.37(2) . ?  
C2 C3 1.37(2) . ?  
C3 C4 1.39(2) . ?  
C4 C5 1.41(2) . ?  
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C4 C10 1.531(19) . ?  
C5 C6 1.33(2) . ?  
C7 C12 1.35(2) . ?  
C7 C8 1.37(2) . ?  
C8 C9 1.35(2) . ?  
C9 C10 1.397(18) . ?  
C10 C11 1.36(2) . ?  
C11 C12 1.39(2) . ?  
C13 C14 1.39(3) . ?  
C14 C15 1.38(3) . ?  
C15 C16 1.40(2) . ?  
C16 C17 1.36(2) . ?  
C16 N3 3.01(2) 2_655 ?  
C17 C18 1.52(2) . ?  
C17 N3 2.391(17) 2_655 ?  
C18 N3 1.297(19) 2_655 ?  
C18 C19 1.39(2) . ?  
C19 C20 1.49(2) . ?  
C19 N3 2.37(2) 2_655 ?  
C20 C21 1.41(2) . ?  
C21 C22 1.38(2) . ?  
C22 C23 1.36(2) . ?  
C23 C24 1.34(2) . ?  
C24 I2 3.553(16) 2_666 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 N1 176.4(5) . . ?  
C1 I1 C2 22.4(5) . . ?  
N1 I1 C2 159.9(4) . . ?  
C1 I1 C6 22.6(5) . . ?  
N1 I1 C6 154.7(4) . . ?  
C2 I1 C6 45.0(4) . . ?  
C1 I1 F4 47.7(5) . . ?  
N1 I1 F4 129.9(3) . . ?  
C2 I1 F4 70.0(3) . . ?  
C6 I1 F4 25.1(3) . . ?  
C1 I1 F1 47.0(5) . . ?  
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N1 I1 F1 135.5(3) . . ?  
C2 I1 F1 24.7(3) . . ?  
C6 I1 F1 69.6(3) . . ?  
F4 I1 F1 94.6(2) . . ?  
C1 I1 C18 141.7(5) . . ?  
N1 I1 C18 41.8(4) . . ?  
C2 I1 C18 122.5(4) . . ?  
C6 I1 C18 157.3(4) . . ?  
F4 I1 C18 153.5(3) . . ?  
F1 I1 C18 99.1(3) . . ?  
C1 I1 C17 163.0(4) . . ?  
N1 I1 C17 20.5(3) . . ?  
C2 I1 C17 146.6(3) . . ?  
C6 I1 C17 159.5(4) . . ?  
F4 I1 C17 137.6(3) . . ?  
F1 I1 C17 123.2(3) . . ?  
C18 I1 C17 24.2(3) . . ?  
C1 I1 N3 126.4(4) . 2_655 ?  
N1 I1 N3 57.1(3) . 2_655 ?  
C2 I1 N3 111.7(3) . 2_655 ?  
C6 I1 N3 137.9(3) . 2_655 ?  
F4 I1 N3 138.4(3) . 2_655 ?  
F1 I1 N3 91.9(3) . 2_655 ?  
C18 I1 N3 19.6(3) . 2_655 ?  
C17 I1 N3 36.9(3) . 2_655 ?  
C1 I1 I2 88.7(5) . 2_666 ?  
N1 I1 I2 92.0(3) . 2_666 ?  
C2 I1 I2 69.9(3) . 2_666 ?  
C6 I1 I2 107.2(3) . 2_666 ?  
F4 I1 I2 127.87(19) . 2_666 ?  
F1 I1 I2 52.18(17) . 2_666 ?  
C18 I1 I2 78.0(3) . 2_666 ?  
C17 I1 I2 92.9(2) . 2_666 ?  
N3 I1 I2 87.5(2) 2_655 2_666 ?  
C1 I1 N3 116.4(5) . . ?  
N1 I1 N3 66.5(3) . . ?  
C2 I1 N3 94.4(3) . . ?  
C6 I1 N3 138.8(3) . . ?  
F4 I1 N3 161.9(2) . . ?  
F1 I1 N3 69.7(2) . . ?  
C18 I1 N3 32.2(3) . . ?  
C17 I1 N3 54.5(3) . . ?  
N3 I1 N3 38.3(4) 2_655 . ?  
I2 I1 N3 49.19(19) 2_666 . ?  
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C1 I1 N2 125.5(5) . . ?  
N1 I1 N2 55.3(3) . . ?  
C2 I1 N2 105.7(3) . . ?  
C6 I1 N2 142.9(4) . . ?  
F4 I1 N2 155.5(3) . . ?  
F1 I1 N2 84.4(2) . . ?  
C18 I1 N2 49.5(3) . . ?  
C17 I1 N2 57.6(3) . . ?  
N3 I1 N2 66.1(2) 2_655 . ?  
I2 I1 N2 36.83(16) 2_666 . ?  
N3 I1 N2 36.1(2) . . ?  
C7 I2 N2 171.2(4) . 2_666 ?  
C7 I2 C12 22.6(5) . . ?  
N2 I2 C12 166.0(4) 2_666 . ?  
C7 I2 C8 22.5(4) . . ?  
N2 I2 C8 148.8(4) 2_666 . ?  
C12 I2 C8 45.2(4) . . ?  
C7 I2 F8 47.2(4) . . ?  
N2 I2 F8 141.5(3) 2_666 . ?  
C12 I2 F8 24.6(3) . . ?  
C8 I2 F8 69.7(3) . . ?  
C7 I2 F5 47.4(4) . . ?  
N2 I2 F5 123.9(3) 2_666 . ?  
C12 I2 F5 70.0(3) . . ?  
C8 I2 F5 24.9(3) . . ?  
F8 I2 F5 94.6(2) . . ?  
C7 I2 F1 68.8(4) . 2_666 ?  
N2 I2 F1 116.2(3) 2_666 2_666 ?  
C12 I2 F1 59.3(4) . 2_666 ?  
C8 I2 F1 80.9(3) . 2_666 ?  
F8 I2 F1 53.8(2) . 2_666 ?  
F5 I2 F1 95.6(2) . 2_666 ?  
C7 I2 C24 150.5(4) . 2_666 ?  
N2 I2 C24 21.6(3) 2_666 2_666 ?  
C12 I2 C24 166.0(4) . 2_666 ?  
C8 I2 C24 129.6(3) . 2_666 ?  
F8 I2 C24 155.9(3) . 2_666 ?  
F5 I2 C24 105.5(3) . 2_666 ?  
F1 I2 C24 134.6(3) 2_666 2_666 ?  
C7 I2 F8 117.7(4) . 2_667 ?  
N2 I2 F8 62.4(3) 2_666 2_667 ?  
C12 I2 F8 113.6(4) . 2_667 ?  
C8 I2 F8 117.2(3) . 2_667 ?  
F8 I2 F8 105.69(18) . 2_667 ?  
586 
 
F5 I2 F8 111.3(2) . 2_667 ?  
F1 I2 F8 148.3(2) 2_666 2_667 ?  
C24 I2 F8 54.8(3) 2_666 2_667 ?  
C7 I2 N3 138.9(4) . 2_666 ?  
N2 I2 N3 49.5(3) 2_666 2_666 ?  
C12 I2 N3 117.6(3) . 2_666 ?  
C8 I2 N3 158.0(3) . 2_666 ?  
F8 I2 N3 93.9(2) . 2_666 ?  
F5 I2 N3 162.8(3) . 2_666 ?  
F1 I2 N3 77.5(3) 2_666 2_666 ?  
C24 I2 N3 70.5(3) 2_666 2_666 ?  
F8 I2 N3 80.6(3) 2_667 2_666 ?  
C7 I2 I2 82.7(4) . 2_667 ?  
N2 I2 I2 102.1(3) 2_666 2_667 ?  
C12 I2 I2 68.7(3) . 2_667 ?  
C8 I2 I2 97.3(3) . 2_667 ?  
F8 I2 I2 56.85(18) . 2_667 ?  
F5 I2 I2 112.23(18) . 2_667 ?  
F1 I2 I2 106.12(16) 2_666 2_667 ?  
C24 I2 I2 102.3(3) 2_666 2_667 ?  
F8 I2 I2 48.84(14) 2_667 2_667 ?  
N3 I2 I2 84.9(2) 2_666 2_667 ?  
C7 I2 I1 103.4(4) . 2_666 ?  
N2 I2 I1 77.4(3) 2_666 2_666 ?  
C12 I2 I1 103.3(3) . 2_666 ?  
C8 I2 I1 101.4(3) . 2_666 ?  
F8 I2 I1 100.30(19) . 2_666 ?  
F5 I2 I1 97.54(18) . 2_666 ?  
F1 I2 I1 46.74(17) 2_666 2_666 ?  
C24 I2 I1 90.3(3) 2_666 2_666 ?  
F8 I2 I1 138.88(16) 2_667 2_666 ?  
N3 I2 I1 66.2(2) 2_666 2_666 ?  
I2 I2 I1 142.66(4) 2_667 2_666 ?  
Cl2B Cl2A C25 70(5) . . ?  
Cl2B Cl2A Cl3B 108(6) . . ?  
C25 Cl2A Cl3B 41.5(13) . . ?  
Cl3B Cl3A C25 63(3) . . ?  
Cl2A Cl2B C25 88(6) . . ?  
Cl3A Cl3B C25 92(3) . . ?  
Cl3A Cl3B Cl2A 116(3) . . ?  
C25 Cl3B Cl2A 46.2(12) . . ?  
C2 F1 I1 69.3(7) . . ?  
C2 F1 I2 122.8(8) . 2_666 ?  
I1 F1 I2 81.1(2) . 2_666 ?  
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C6 F4 I1 71.0(8) . . ?  
C8 F5 I2 70.9(8) . . ?  
C12 F8 I2 69.7(7) . . ?  
C12 F8 I2 104.6(8) . 2_667 ?  
I2 F8 I2 74.31(18) . 2_667 ?  
C13 N1 C17 120.0(15) . . ?  
C13 N1 C14 31.2(10) . . ?  
C17 N1 C14 88.9(11) . . ?  
C13 N1 C16 91.7(12) . . ?  
C17 N1 C16 28.5(8) . . ?  
C14 N1 C16 60.7(7) . . ?  
C13 N1 C18 155.3(13) . . ?  
C17 N1 C18 35.2(8) . . ?  
C14 N1 C18 124.1(9) . . ?  
C16 N1 C18 63.7(7) . . ?  
C13 N1 C15 61.2(10) . . ?  
C17 N1 C15 58.9(9) . . ?  
C14 N1 C15 30.1(6) . . ?  
C16 N1 C15 30.6(5) . . ?  
C18 N1 C15 94.1(7) . . ?  
C13 N1 C19 159.4(12) . . ?  
C17 N1 C19 57.4(9) . . ?  
C14 N1 C19 138.6(9) . . ?  
C16 N1 C19 84.7(7) . . ?  
C18 N1 C19 27.2(5) . . ?  
C15 N1 C19 112.7(7) . . ?  
C13 N1 I1 117.1(12) . . ?  
C17 N1 I1 108.3(9) . . ?  
C14 N1 I1 136.9(8) . . ?  
C16 N1 I1 125.6(6) . . ?  
C18 N1 I1 81.8(5) . . ?  
C15 N1 I1 139.4(6) . . ?  
C19 N1 I1 80.8(4) . . ?  
C13 N1 C20 133.0(11) . . ?  
C17 N1 C20 74.5(9) . . ?  
C14 N1 C20 127.5(8) . . ?  
C16 N1 C20 95.7(7) . . ?  
C18 N1 C20 53.5(5) . . ?  
C15 N1 C20 114.4(7) . . ?  
C19 N1 C20 28.4(4) . . ?  
I1 N1 C20 95.5(5) . . ?  
C13 N1 C21 111.2(11) . . ?  
C17 N1 C21 71.3(9) . . ?  
C14 N1 C21 101.6(7) . . ?  
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C16 N1 C21 82.6(7) . . ?  
C18 N1 C21 65.8(6) . . ?  
C15 N1 C21 92.6(6) . . ?  
C19 N1 C21 48.3(4) . . ?  
I1 N1 C21 121.1(5) . . ?  
C20 N1 C21 25.9(4) . . ?  
C13 N1 N3 147.3(12) . 2_655 ?  
C17 N1 N3 34.8(8) . 2_655 ?  
C14 N1 N3 119.3(7) . 2_655 ?  
C16 N1 N3 60.1(5) . 2_655 ?  
C18 N1 N3 17.6(4) . 2_655 ?  
C15 N1 N3 89.9(6) . 2_655 ?  
C19 N1 N3 43.1(4) . 2_655 ?  
I1 N1 N3 74.2(3) . 2_655 ?  
C20 N1 N3 70.6(5) . 2_655 ?  
C21 N1 N3 82.9(5) . 2_655 ?  
C13 N1 N2 128.6(10) . . ?  
C17 N1 N2 91.0(9) . . ?  
C14 N1 N2 135.4(7) . . ?  
C16 N1 N2 113.2(7) . . ?  
C18 N1 N2 65.3(5) . . ?  
C15 N1 N2 130.1(6) . . ?  
C19 N1 N2 38.2(4) . . ?  
I1 N1 N2 84.8(4) . . ?  
C20 N1 N2 17.5(4) . . ?  
C21 N1 N2 37.7(4) . . ?  
N3 N1 N2 80.9(4) 2_655 . ?  
C20 N2 C24 119.2(13) . . ?  
C20 N2 C23 90.4(10) . . ?  
C24 N2 C23 28.8(8) . . ?  
C20 N2 C21 30.7(8) . . ?  
C24 N2 C21 88.6(10) . . ?  
C23 N2 C21 59.8(6) . . ?  
C20 N2 C19 33.8(8) . . ?  
C24 N2 C19 152.9(11) . . ?  
C23 N2 C19 124.2(8) . . ?  
C21 N2 C19 64.5(6) . . ?  
C20 N2 C22 60.9(8) . . ?  
C24 N2 C22 58.4(9) . . ?  
C23 N2 C22 29.5(6) . . ?  
C21 N2 C22 30.2(5) . . ?  
C19 N2 C22 94.7(7) . . ?  
C20 N2 N3 58.1(8) . . ?  
C24 N2 N3 163.6(11) . . ?  
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C23 N2 N3 143.0(7) . . ?  
C21 N2 N3 87.1(6) . . ?  
C19 N2 N3 28.5(4) . . ?  
C22 N2 N3 115.8(6) . . ?  
C20 N2 I2 130.9(10) . 2_666 ?  
C24 N2 I2 108.2(10) . 2_666 ?  
C23 N2 I2 136.4(7) . 2_666 ?  
C21 N2 I2 159.5(7) . 2_666 ?  
C19 N2 I2 97.9(5) . 2_666 ?  
C22 N2 I2 163.1(6) . 2_666 ?  
N3 N2 I2 79.9(4) . 2_666 ?  
C20 N2 N1 45.2(8) . . ?  
C24 N2 N1 113.1(10) . . ?  
C23 N2 N1 94.7(6) . . ?  
C21 N2 N1 55.7(5) . . ?  
C19 N2 N1 50.7(5) . . ?  
C22 N2 N1 74.1(5) . . ?  
N3 N2 N1 77.1(4) . . ?  
I2 N2 N1 105.5(4) 2_666 . ?  
C20 N2 I1 74.6(8) . . ?  
C24 N2 I1 129.0(10) . . ?  
C23 N2 I1 126.7(6) . . ?  
C21 N2 I1 94.6(5) . . ?  
C19 N2 I1 56.1(4) . . ?  
C22 N2 I1 113.2(5) . . ?  
N3 N2 I1 67.2(4) . . ?  
I2 N2 I1 65.8(2) 2_666 . ?  
N1 N2 I1 39.9(2) . . ?  
C18 N3 C19 117.0(14) 2_655 . ?  
C18 N3 C19 29.3(8) 2_655 2_655 ?  
C19 N3 C19 87.7(9) . 2_655 ?  
C18 N3 C18 86.4(10) 2_655 . ?  
C19 N3 C18 30.6(8) . . ?  
C19 N3 C18 57.0(6) 2_655 . ?  
C18 N3 C17 35.1(9) 2_655 2_655 ?  
C19 N3 C17 151.9(12) . 2_655 ?  
C19 N3 C17 64.4(6) 2_655 2_655 ?  
C18 N3 C17 121.3(8) . 2_655 ?  
C18 N3 C20 150.4(12) 2_655 . ?  
C19 N3 C20 33.8(8) . . ?  
C19 N3 C20 121.2(8) 2_655 . ?  
C18 N3 C20 64.3(6) . . ?  
C17 N3 C20 171.4(8) 2_655 . ?  
C18 N3 N3 58.6(9) 2_655 2_655 ?  
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C19 N3 N3 58.5(9) . 2_655 ?  
C19 N3 N3 29.2(4) 2_655 2_655 ?  
C18 N3 N3 27.8(4) . 2_655 ?  
C17 N3 N3 93.5(7) 2_655 2_655 ?  
C20 N3 N3 92.1(7) . 2_655 ?  
C18 N3 N2 166.8(11) 2_655 . ?  
C19 N3 N2 57.3(9) . . ?  
C19 N3 N2 142.6(7) 2_655 . ?  
C18 N3 N2 87.2(6) . . ?  
C17 N3 N2 150.4(8) 2_655 . ?  
C20 N3 N2 27.4(5) . . ?  
N3 N3 N2 114.4(7) 2_655 . ?  
C18 N3 C16 56.4(9) 2_655 2_655 ?  
C19 N3 C16 164.0(10) . 2_655 ?  
C19 N3 C16 84.7(6) 2_655 2_655 ?  
C18 N3 C16 139.4(7) . 2_655 ?  
C17 N3 C16 26.1(5) 2_655 2_655 ?  
C20 N3 C16 152.5(8) . 2_655 ?  
N3 N3 C16 113.0(7) 2_655 2_655 ?  
N2 N3 C16 125.3(6) . 2_655 ?  
C18 N3 N1 34.2(8) 2_655 2_655 ?  
C19 N3 N1 140.4(11) . 2_655 ?  
C19 N3 N1 59.8(5) 2_655 2_655 ?  
C18 N3 N1 113.0(6) . 2_655 ?  
C17 N3 N1 18.8(5) 2_655 2_655 ?  
C20 N3 N1 155.9(7) . 2_655 ?  
N3 N3 N1 87.0(6) 2_655 2_655 ?  
N2 N3 N1 157.4(6) . 2_655 ?  
C16 N3 N1 43.4(4) 2_655 2_655 ?  
C18 N3 I2 122.1(10) 2_655 2_666 ?  
C19 N3 I2 93.4(9) . 2_666 ?  
C19 N3 I2 128.8(6) 2_655 2_666 ?  
C18 N3 I2 111.6(6) . 2_666 ?  
C17 N3 I2 106.1(6) 2_655 2_666 ?  
C20 N3 I2 75.8(5) . 2_666 ?  
N3 N3 I2 124.3(7) 2_655 2_666 ?  
N2 N3 I2 50.6(3) . 2_666 ?  
C16 N3 I2 80.6(4) 2_655 2_666 ?  
N1 N3 I2 124.0(4) 2_655 2_666 ?  
C18 N3 I1 67.8(9) 2_655 2_655 ?  
C19 N3 I1 103.3(9) . 2_655 ?  
C19 N3 I1 72.9(5) 2_655 2_655 ?  
C18 N3 I1 92.5(6) . 2_655 ?  
C17 N3 I1 67.1(5) 2_655 2_655 ?  
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C20 N3 I1 107.4(5) . 2_655 ?  
N3 N3 I1 82.0(6) 2_655 2_655 ?  
N2 N3 I1 124.0(5) . 2_655 ?  
C16 N3 I1 87.9(4) 2_655 2_655 ?  
N1 N3 I1 48.6(3) 2_655 2_655 ?  
I2 N3 I1 153.7(4) 2_666 2_655 ?  
C2 C1 C6 116.7(13) . . ?  
C2 C1 I1 121.8(10) . . ?  
C6 C1 I1 121.4(12) . . ?  
F1 C2 C1 121.6(12) . . ?  
F1 C2 C3 115.4(14) . . ?  
C1 C2 C3 123.1(14) . . ?  
F1 C2 I1 86.0(8) . . ?  
C1 C2 I1 35.8(7) . . ?  
C3 C2 I1 158.4(11) . . ?  
C2 C3 F2 121.5(15) . . ?  
C2 C3 C4 120.5(13) . . ?  
F2 C3 C4 117.6(15) . . ?  
C3 C4 C5 114.7(12) . . ?  
C3 C4 C10 121.9(13) . . ?  
C5 C4 C10 123.3(13) . . ?  
C6 C5 F3 120.4(14) . . ?  
C6 C5 C4 122.9(14) . . ?  
F3 C5 C4 116.6(12) . . ?  
C5 C6 F4 118.3(14) . . ?  
C5 C6 C1 121.9(15) . . ?  
F4 C6 C1 119.8(14) . . ?  
C5 C6 I1 157.5(11) . . ?  
F4 C6 I1 84.0(8) . . ?  
C1 C6 I1 36.0(8) . . ?  
C12 C7 C8 119.0(14) . . ?  
C12 C7 I2 120.0(11) . . ?  
C8 C7 I2 121.1(10) . . ?  
C9 C8 F5 117.3(13) . . ?  
C9 C8 C7 121.9(13) . . ?  
F5 C8 C7 120.6(13) . . ?  
C9 C8 I2 158.1(10) . . ?  
F5 C8 I2 84.2(8) . . ?  
C7 C8 I2 36.4(8) . . ?  
C8 C9 F6 120.4(12) . . ?  
C8 C9 C10 120.5(15) . . ?  
F6 C9 C10 119.1(14) . . ?  
C11 C10 C9 116.3(14) . . ?  
C11 C10 C4 123.1(13) . . ?  
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C9 C10 C4 120.6(13) . . ?  
C10 C11 F7 118.4(14) . . ?  
C10 C11 C12 123.3(14) . . ?  
F7 C11 C12 118.1(13) . . ?  
F8 C12 C7 123.1(13) . . ?  
F8 C12 C11 117.8(13) . . ?  
C7 C12 C11 118.9(14) . . ?  
F8 C12 I2 85.8(8) . . ?  
C7 C12 I2 37.4(8) . . ?  
C11 C12 I2 156.2(10) . . ?  
N1 C13 C14 120.1(15) . . ?  
C15 C14 C13 120.6(15) . . ?  
C15 C14 N1 92.2(11) . . ?  
C13 C14 N1 28.7(8) . . ?  
C14 C15 C16 118.2(16) . . ?  
C14 C15 N1 57.8(10) . . ?  
C16 C15 N1 60.4(10) . . ?  
C17 C16 C15 117.1(15) . . ?  
C17 C16 N1 28.3(8) . . ?  
C15 C16 N1 89.0(11) . . ?  
C17 C16 N3 50.7(8) . 2_655 ?  
C15 C16 N3 159.8(13) . 2_655 ?  
N1 C16 N3 76.5(6) . 2_655 ?  
N1 C17 C16 123.2(14) . . ?  
N1 C17 C18 113.9(14) . . ?  
C16 C17 C18 122.7(14) . . ?  
N1 C17 N3 126.4(11) . 2_655 ?  
C16 C17 N3 103.2(10) . 2_655 ?  
C18 C17 N3 29.3(7) . 2_655 ?  
N1 C17 I1 51.3(7) . . ?  
C16 C17 I1 141.6(11) . . ?  
C18 C17 I1 74.7(8) . . ?  
N3 C17 I1 76.0(5) 2_655 . ?  
N3 C18 C19 123.4(14) 2_655 . ?  
N3 C18 C17 115.7(14) 2_655 . ?  
C19 C18 C17 120.8(12) . . ?  
N3 C18 N3 93.6(10) 2_655 . ?  
C19 C18 N3 29.8(7) . . ?  
C17 C18 N3 150.4(11) . . ?  
N3 C18 N1 128.2(12) 2_655 . ?  
C19 C18 N1 100.2(10) . . ?  
C17 C18 N1 30.8(8) . . ?  
N3 C18 N1 125.4(8) . . ?  
N3 C18 I1 92.6(9) 2_655 . ?  
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C19 C18 I1 92.2(9) . . ?  
C17 C18 I1 81.1(8) . . ?  
N3 C18 I1 94.0(6) . . ?  
N1 C18 I1 56.4(4) . . ?  
N3 C19 C18 119.6(13) . . ?  
N3 C19 C20 115.8(14) . . ?  
C18 C19 C20 124.2(13) . . ?  
N3 C19 N3 92.3(9) . 2_655 ?  
C18 C19 N3 27.2(7) . 2_655 ?  
C20 C19 N3 151.1(11) . 2_655 ?  
N3 C19 N2 94.3(11) . . ?  
C18 C19 N2 143.6(11) . . ?  
C20 C19 N2 29.2(8) . . ?  
N3 C19 N2 164.7(8) 2_655 . ?  
N3 C19 N1 154.3(10) . . ?  
C18 C19 N1 52.6(8) . . ?  
C20 C19 N1 79.4(8) . . ?  
N3 C19 N1 77.1(6) 2_655 . ?  
N2 C19 N1 91.2(6) . . ?  
N2 C20 C21 121.1(14) . . ?  
N2 C20 C19 117.0(13) . . ?  
C21 C20 C19 121.9(15) . . ?  
N2 C20 N3 94.5(10) . . ?  
C21 C20 N3 139.1(12) . . ?  
C19 C20 N3 30.4(7) . . ?  
N2 C20 N1 117.3(10) . . ?  
C21 C20 N1 81.6(9) . . ?  
C19 C20 N1 72.3(8) . . ?  
N3 C20 N1 100.6(6) . . ?  
C22 C21 C20 118.4(15) . . ?  
C22 C21 N2 90.2(11) . . ?  
C20 C21 N2 28.2(8) . . ?  
C22 C21 N1 120.8(11) . . ?  
C20 C21 N1 72.6(8) . . ?  
N2 C21 N1 86.5(6) . . ?  
C23 C22 C21 119.1(14) . . ?  
C23 C22 N2 59.5(8) . . ?  
C21 C22 N2 59.6(9) . . ?  
C24 C23 C22 120.6(13) . . ?  
C24 C23 N2 29.7(7) . . ?  
C22 C23 N2 91.0(10) . . ?  
C23 C24 N2 121.5(14) . . ?  
C23 C24 I2 168.6(12) . 2_666 ?  
N2 C24 I2 50.3(8) . 2_666 ?  
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Cl3B C25 Cl2B 111(2) . . ?  
Cl3B C25 Cl1 124.4(17) . . ?  
Cl2B C25 Cl1 105.1(18) . . ?  
Cl3B C25 Cl2A 92(2) . . ?  
Cl2B C25 Cl2A 21(2) . . ?  
Cl1 C25 Cl2A 111.4(16) . . ?  
Cl3B C25 Cl3A 24.8(10) . . ?  
Cl2B C25 Cl3A 127(2) . . ?  
Cl1 C25 Cl3A 99.8(13) . . ?  
Cl2A C25 Cl3A 105.8(18) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C9 C10 C4 C3 56(2) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.990  
_diffrn_reflns_theta_full              26.37  
_diffrn_measured_fraction_theta_full   0.990  
_refine_diff_density_max    4.819  
_refine_diff_density_min   -2.001  



















_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C30 H16 F2 I4 N6'  
_chemical_formula_weight          1006.09  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            ?  
_symmetry_space_group_name_H-M    ?  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, z'  
 '-y, x, z+1/2'  
 'y, -x, z+1/2'  
 '-x, -y, -z'  
 'x, y, -z'  
 'y, -x, -z-1/2'  




_cell_length_a                    8.6882(13)  
_cell_length_b                    8.6882(12)  
_cell_length_c                    20.313(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
_cell_angle_gamma                 90.00  
_cell_volume                      1533.3(4)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     4989  
_cell_measurement_theta_min       2.5482  
_cell_measurement_theta_max       26.7444  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.24  
_exptl_crystal_size_mid           0.12  
_exptl_crystal_size_min           0.12  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.179  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              936  
_exptl_absorpt_coefficient_mu     4.108  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.7115  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998.  
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 





Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             10755  
_diffrn_reflns_av_R_equivalents   0.0825  
_diffrn_reflns_av_sigmaI/netI     0.0412  
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_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -10  
_diffrn_reflns_limit_k_max        10  
_diffrn_reflns_limit_l_min        -22  
_diffrn_reflns_limit_l_max        25  
_diffrn_reflns_theta_min          2.55  
_diffrn_reflns_theta_max          26.38  
_reflns_number_total              1597  
_reflns_number_gt                 1540  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0292P)^2^+6.9709P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0174(11)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
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_refine_ls_number_reflns          1597  
_refine_ls_number_parameters      99  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0395  
_refine_ls_R_factor_gt            0.0360  
_refine_ls_wR_factor_ref          0.0841  
_refine_ls_wR_factor_gt           0.0829  
_refine_ls_goodness_of_fit_ref    1.090  
_refine_ls_restrained_S_all       1.090  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.15409(3) 0.19573(3) 0.409026(13) 0.02201(17) Uani 1 1 d . . .  
F1 F 0.0000 0.5000 0.36680(17) 0.0240(7) Uani 1 2 d S . .  
N1 N 0.3342(4) -0.0578(4) 0.33652(16) 0.0209(7) Uani 1 1 d . . .  
N2 N 0.4171(5) -0.1354(5) 0.5000 0.0162(9) Uani 1 2 d S . .  
C1 C 0.0612(4) 0.3740(4) 0.4656(2) 0.0188(8) Uani 1 1 d . . .  
C2 C 0.0000 0.5000 0.4331(3) 0.0185(11) Uani 1 2 d S . .  
C3 C 0.2739(5) -0.1296(5) 0.2841(2) 0.0249(9) Uani 1 1 d . . .  
H3A H 0.2331 -0.0692 0.2506 0.030 Uiso 1 1 calc R . .  
C4 C 0.2685(5) -0.2870(5) 0.2767(2) 0.0223(8) Uani 1 1 d . . .  
H4A H 0.2243 -0.3312 0.2395 0.027 Uiso 1 1 calc R . .  
C5 C 0.3304(5) -0.3781(5) 0.3260(2) 0.0245(9) Uani 1 1 d . . .  
H5A H 0.3288 -0.4849 0.3228 0.029 Uiso 1 1 calc R . .  
C6 C 0.3949(5) -0.3058(5) 0.3802(2) 0.0225(8) Uani 1 1 d . . .  
H6A H 0.4369 -0.3638 0.4142 0.027 Uiso 1 1 calc R . .  
C7 C 0.3964(4) -0.1463(4) 0.38325(19) 0.0168(7) Uani 1 1 d . . .  





 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0288(2) 0.0185(2) 0.0188(2) -0.00271(9) -0.00044(9) 0.00953(10)  
F1 0.0305(18) 0.0241(17) 0.0175(17) 0.000 0.000 0.0098(14)  
N1 0.0285(18) 0.0173(16) 0.0169(17) -0.0023(13) -0.0033(14) 0.0049(13)  
N2 0.020(2) 0.013(2) 0.016(2) 0.000 0.000 0.0028(16)  
C1 0.0182(18) 0.0163(18) 0.022(2) -0.0013(15) 0.0004(15) 0.0047(14)  
C2 0.019(3) 0.019(3) 0.018(3) 0.000 0.000 0.006(2)  
C3 0.032(2) 0.025(2) 0.017(2) -0.0020(16) -0.0074(17) 0.0038(16)  
C4 0.0226(19) 0.025(2) 0.019(2) -0.0057(16) -0.0028(16) -0.0005(16)  
C5 0.029(2) 0.0166(18) 0.028(2) -0.0045(17) -0.0023(18) -0.0002(16)  
C6 0.030(2) 0.0155(18) 0.023(2) -0.0018(16) -0.0057(17) 0.0032(15)  
C7 0.0200(18) 0.0176(18) 0.0128(18) 0.0002(15) 0.0026(15) -0.0010(14)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.091(4) . ?  
I1 N1 3.077(3) . ?  
F1 C2 1.346(7) . ?  
N1 C7 1.336(5) . ?  
N1 C3 1.341(5) . ?  
N2 C8 1.331(4) 6_556 ?  
N2 C8 1.331(4) . ?  
C1 C2 1.385(5) . ?  
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C1 C1 1.397(8) 6_556 ?  
C2 C1 1.385(5) 2_565 ?  
C3 C4 1.377(6) . ?  
C4 C5 1.385(6) . ?  
C5 C6 1.386(6) . ?  
C6 C7 1.387(5) . ?  
C7 C8 1.489(5) . ?  
C8 C8 1.419(7) 2_655 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 N1 171.75(13) . . ?  
C7 N1 C3 117.0(3) . . ?  
C7 N1 I1 106.1(2) . . ?  
C3 N1 I1 121.0(3) . . ?  
C8 N2 C8 119.5(5) 6_556 . ?  
C2 C1 C1 118.5(3) . 6_556 ?  
C2 C1 I1 118.1(3) . . ?  
C1 C1 I1 123.35(11) 6_556 . ?  
F1 C2 C1 118.5(3) . 2_565 ?  
F1 C2 C1 118.5(3) . . ?  
C1 C2 C1 122.9(6) 2_565 . ?  
N1 C3 C4 124.2(4) . . ?  
C3 C4 C5 118.4(4) . . ?  
C4 C5 C6 118.2(4) . . ?  
C5 C6 C7 119.5(4) . . ?  
N1 C7 C6 122.7(4) . . ?  
N1 C7 C8 117.6(3) . . ?  
C6 C7 C8 119.4(4) . . ?  
N2 C8 C8 120.2(2) . 2_655 ?  
N2 C8 C7 115.1(3) . . ?  
C8 C8 C7 124.7(2) 2_655 . ?  
  
_diffrn_measured_fraction_theta_max    0.981  
_diffrn_reflns_theta_full              26.38  
_diffrn_measured_fraction_theta_full   0.981  
_refine_diff_density_max    1.496  
_refine_diff_density_min   -0.825  
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_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C14 H28 I7 N'  
_chemical_formula_weight          1098.68  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Orthorhombic'  
_symmetry_space_group_name_H-M    'P2(1)2(1)2(1)'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, -y, z+1/2'  
 '-x, y+1/2, -z+1/2'  
 'x+1/2, -y+1/2, -z'  
  
_cell_length_a                    12.1570(12)  
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_cell_length_b                    13.9189(14)  
_cell_length_c                    16.4702(14)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
_cell_angle_gamma                 90.00  
_cell_volume                      2787.0(10)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     7954  
_cell_measurement_theta_min       1.9162  
_cell_measurement_theta_max       26.3307  
  
_exptl_crystal_description        'Parallelpiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.24  
_exptl_crystal_size_mid           0.14  
_exptl_crystal_size_min           0.07  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     3.402  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              2562  
_exptl_absorpt_coefficient_mu     10.027  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.6312  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       298(3)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 





Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             20248  
_diffrn_reflns_av_R_equivalents   0.0401  
_diffrn_reflns_av_sigmaI/netI     0.0389  
_diffrn_reflns_limit_h_min        -11  
_diffrn_reflns_limit_h_max        15  
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_diffrn_reflns_limit_k_min        -17  
_diffrn_reflns_limit_k_max        17  
_diffrn_reflns_limit_l_min        -20  
_diffrn_reflns_limit_l_max        20  
_diffrn_reflns_theta_min          1.92  
_diffrn_reflns_theta_max          26.34  
_reflns_number_total              5654  
_reflns_number_gt                 5079  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.00116(15)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_abs_structure_details  
 'Flack H D (1983), Acta Cryst. A39, 876-881'  
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_refine_ls_abs_structure_Flack    -0.03(9)  
_refine_ls_number_reflns          5654  
_refine_ls_number_parameters      200  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0501  
_refine_ls_R_factor_gt            0.0449  
_refine_ls_wR_factor_ref          0.1358  
_refine_ls_wR_factor_gt           0.1283  
_refine_ls_goodness_of_fit_ref    0.926  
_refine_ls_restrained_S_all       0.926  
_refine_ls_shift/su_max           0.014  
_refine_ls_shift/su_mean          0.003  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.77710(7) 0.22492(5) -0.00257(4) 0.05314(19) Uani 1 1 d . . .  
I2 I 0.57131(6) 0.06161(5) -0.06459(4) 0.05200(19) Uani 1 1 d . . .  
I3 I 0.77929(7) -0.10598(4) -0.13364(4) 0.05051(18) Uani 1 1 d . . .  
I4 I 0.98895(6) 0.05445(5) -0.07195(5) 0.05468(19) Uani 1 1 d . . .  
I5 I 0.28307(6) 0.03158(5) -0.06317(5) 0.0589(2) Uani 1 1 d . . .  
I6 I 0.25251(8) -0.07028(5) 0.09075(5) 0.0692(3) Uani 1 1 d . . .  
C1 C 0.7414(12) 0.0893(7) -0.0548(6) 0.059(3) Uani 1 1 d . . .  
C2 C 0.8160(11) 0.0289(7) -0.0797(7) 0.058(3) Uani 1 1 d . . .  
C5 C 0.4955(10) 0.2646(10) 0.5030(7) 0.061(3) Uani 1 1 d . . .  
H5A H 0.5579 0.3016 0.5202 0.092 Uiso 1 1 calc R . .  
H5B H 0.5155 0.1980 0.4997 0.092 Uiso 1 1 calc R . .  
H5C H 0.4367 0.2723 0.5414 0.092 Uiso 1 1 calc R . .  
N1 N 0.3112(7) 0.2615(6) 0.3125(5) 0.0437(18) Uani 1 1 d . . .  
C3 C 0.3583(9) 0.2378(7) 0.3950(6) 0.048(2) Uani 1 1 d . . .  
H3A H 0.3801 0.1707 0.3953 0.058 Uiso 1 1 calc R . .  
H3B H 0.3009 0.2457 0.4354 0.058 Uiso 1 1 calc R . .  
C4 C 0.4579(10) 0.2993(10) 0.4201(6) 0.061(3) Uani 1 1 d . . .  
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H4A H 0.5168 0.2922 0.3808 0.073 Uiso 1 1 calc R . .  
H4B H 0.4373 0.3665 0.4226 0.073 Uiso 1 1 calc R . .  
I7 I 0.2253(3) -0.17631(9) 0.24048(7) 0.1578(10) Uani 1 1 d . . .  
C6 C 0.3941(9) 0.2419(8) 0.2458(6) 0.047(2) Uani 1 1 d . . .  
H6A H 0.4597 0.2794 0.2568 0.056 Uiso 1 1 calc R . .  
H6B H 0.3637 0.2647 0.1949 0.056 Uiso 1 1 calc R . .  
C7 C 0.4274(13) 0.1381(10) 0.2352(8) 0.069(4) Uani 1 1 d . . .  
H7A H 0.3630 0.0993 0.2238 0.083 Uiso 1 1 calc R . .  
H7B H 0.4609 0.1145 0.2848 0.083 Uiso 1 1 calc R . .  
C8 C 0.5093(16) 0.1302(15) 0.1652(9) 0.101(6) Uani 1 1 d . . .  
H8A H 0.5306 0.0643 0.1583 0.151 Uiso 1 1 calc R . .  
H8B H 0.5731 0.1683 0.1770 0.151 Uiso 1 1 calc R . .  
H8C H 0.4755 0.1531 0.1161 0.151 Uiso 1 1 calc R . .  
C9 C 0.2079(9) 0.2004(7) 0.3028(6) 0.050(2) Uani 1 1 d . . .  
H9A H 0.1847 0.1581 0.3431 0.060 Uiso 1 1 calc R . .  
C10 C 0.1453(12) 0.2125(11) 0.2241(8) 0.072(4) Uani 1 1 d . . .  
H10A H 0.1956 0.2066 0.1787 0.086 Uiso 1 1 calc R . .  
H10B H 0.1126 0.2760 0.2223 0.086 Uiso 1 1 calc R . .  
C11 C 0.0525(14) 0.1343(17) 0.2170(12) 0.107(7) Uani 1 1 d . . .  
H11A H 0.0140 0.1424 0.1665 0.160 Uiso 1 1 calc R . .  
H11B H 0.0018 0.1412 0.2613 0.160 Uiso 1 1 calc R . .  
H11C H 0.0850 0.0714 0.2187 0.160 Uiso 1 1 calc R . .  
C12 C 0.2801(10) 0.3670(6) 0.3048(5) 0.045(2) Uani 1 1 d . . .  
H12A H 0.3464 0.4053 0.3098 0.055 Uiso 1 1 calc R . .  
H12B H 0.2504 0.3778 0.2510 0.055 Uiso 1 1 calc R . .  
C13 C 0.1970(13) 0.4025(9) 0.3669(7) 0.069(3) Uani 1 1 d . . .  
H13A H 0.1312 0.3632 0.3645 0.083 Uiso 1 1 calc R . .  
H13B H 0.2278 0.3973 0.4211 0.083 Uiso 1 1 calc R . .  
C14 C 0.1686(16) 0.5043(12) 0.3495(8) 0.099(6) Uani 1 1 d . . .  
H14A H 0.1159 0.5265 0.3887 0.149 Uiso 1 1 calc R . .  
H14B H 0.1378 0.5090 0.2960 0.149 Uiso 1 1 calc R . .  
H14C H 0.2338 0.5430 0.3527 0.149 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0557(4) 0.0495(3) 0.0542(3) -0.0062(2) 0.0027(3) -0.0026(3)  
I2 0.0397(4) 0.0577(4) 0.0586(4) -0.0001(3) 0.0039(3) -0.0019(3)  
I3 0.0515(4) 0.0478(3) 0.0522(3) -0.0044(2) 0.0015(3) 0.0022(3)  
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I4 0.0389(4) 0.0613(4) 0.0638(4) -0.0005(3) 0.0010(3) 0.0028(3)  
I5 0.0440(4) 0.0497(3) 0.0829(5) -0.0098(3) 0.0010(4) -0.0029(3)  
I6 0.0814(6) 0.0513(4) 0.0747(4) -0.0184(3) -0.0124(4) 0.0083(4)  
C1 0.084(9) 0.050(5) 0.044(4) 0.003(4) -0.004(5) -0.008(6)  
C2 0.070(8) 0.042(5) 0.061(6) -0.003(4) 0.003(5) 0.001(5)  
C5 0.050(7) 0.085(8) 0.049(5) 0.004(5) -0.013(5) 0.010(6)  
N1 0.046(5) 0.044(4) 0.042(3) 0.003(3) 0.006(3) -0.007(3)  
C3 0.049(6) 0.049(5) 0.048(5) 0.012(4) -0.009(4) -0.006(4)  
C4 0.055(7) 0.079(7) 0.048(5) 0.004(5) -0.012(5) -0.015(6)  
I7 0.327(3) 0.0785(6) 0.0681(5) -0.0095(5) 0.0145(11) 0.0349(13)  
C6 0.036(5) 0.061(6) 0.044(4) 0.001(4) 0.002(4) 0.004(4)  
C7 0.080(10) 0.060(7) 0.069(7) -0.015(6) -0.018(7) 0.022(7)  
C8 0.094(13) 0.137(15) 0.071(8) -0.010(9) -0.001(8) 0.057(12)  
C9 0.043(5) 0.048(5) 0.059(5) 0.015(4) -0.010(5) -0.008(4)  
C10 0.069(9) 0.080(8) 0.066(6) 0.017(6) -0.015(6) -0.016(7)  
C11 0.061(10) 0.144(17) 0.116(13) 0.021(12) -0.024(9) -0.050(11)  
C12 0.059(6) 0.041(4) 0.036(3) 0.007(3) 0.002(5) 0.007(4)  
C13 0.079(10) 0.072(7) 0.056(6) 0.002(5) 0.009(6) 0.029(7)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 C1 2.119(10) . ?  
I1 I2 3.5311(11) . ?  
I1 I5 3.5588(11) 4 ?  
I1 I4 3.6836(11) . ?  
I2 C1 2.110(14) . ?  
I2 I5 3.5292(12) . ?  
I2 I3 3.6232(11) . ?  
I3 C2 2.125(11) . ?  
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I3 I4 3.5377(11) . ?  
I3 I7 3.5649(14) 4_545 ?  
I4 C2 2.137(13) . ?  
I4 I5 3.5926(13) 1_655 ?  
I5 I6 2.9282(13) . ?  
I5 I1 3.5588(11) 4_455 ?  
I5 I4 3.5926(13) 1_455 ?  
I5 I7 3.8116(15) 2_554 ?  
I6 I7 2.8929(16) . ?  
C1 C2 1.302(17) . ?  
C5 C4 1.518(15) . ?  
N1 C3 1.511(12) . ?  
N1 C6 1.515(12) . ?  
N1 C9 1.525(13) . ?  
N1 C12 1.521(11) . ?  
C3 C4 1.539(15) . ?  
I7 I3 3.5649(14) 4_445 ?  
I7 I5 3.8116(15) 2 ?  
C6 C7 1.510(16) . ?  
C7 C8 1.53(2) . ?  
C9 C10 1.513(15) . ?  
C10 C11 1.57(2) . ?  
C12 C13 1.520(15) . ?  
C13 C14 1.485(18) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I1 I2 33.3(4) . . ?  
C1 I1 I5 167.4(4) . 4 ?  
I2 I1 I5 135.69(3) . 4 ?  
C1 I1 I4 56.2(4) . . ?  
I2 I1 I4 89.48(3) . . ?  
I5 I1 I4 133.91(3) 4 . ?  
C1 I2 I5 173.9(3) . . ?  
C1 I2 I1 33.5(3) . . ?  
I5 I2 I1 141.06(3) . . ?  
C1 I2 I3 57.2(3) . . ?  
I5 I2 I3 128.22(3) . . ?  
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I1 I2 I3 90.62(3) . . ?  
C2 I3 I4 34.0(4) . . ?  
C2 I3 I7 175.0(3) . 4_545 ?  
I4 I3 I7 144.18(6) . 4_545 ?  
C2 I3 I2 56.4(4) . . ?  
I4 I3 I2 90.36(2) . . ?  
I7 I3 I2 125.01(6) 4_545 . ?  
C2 I4 I3 33.8(3) . . ?  
C2 I4 I5 165.3(3) . 1_655 ?  
I3 I4 I5 132.28(3) . 1_655 ?  
C2 I4 I1 55.8(3) . . ?  
I3 I4 I1 89.54(3) . . ?  
I5 I4 I1 137.77(3) 1_655 . ?  
I6 I5 I2 100.90(3) . . ?  
I6 I5 I1 101.25(3) . 4_455 ?  
I2 I5 I1 84.80(2) . 4_455 ?  
I6 I5 I4 87.22(3) . 1_455 ?  
I2 I5 I4 167.81(3) . 1_455 ?  
I1 I5 I4 84.70(2) 4_455 1_455 ?  
I6 I5 I7 170.78(6) . 2_554 ?  
I2 I5 I7 87.61(5) . 2_554 ?  
I1 I5 I7 75.77(3) 4_455 2_554 ?  
I4 I5 I7 83.82(5) 1_455 2_554 ?  
I7 I6 I5 178.18(4) . . ?  
C2 C1 I2 122.7(9) . . ?  
C2 C1 I1 124.1(10) . . ?  
I2 C1 I1 113.2(6) . . ?  
C1 C2 I3 123.8(10) . . ?  
C1 C2 I4 124.0(9) . . ?  
I3 C2 I4 112.2(5) . . ?  
C3 N1 C6 111.1(8) . . ?  
C3 N1 C9 106.5(7) . . ?  
C6 N1 C9 111.9(8) . . ?  
C3 N1 C12 112.3(7) . . ?  
C6 N1 C12 106.2(7) . . ?  
C9 N1 C12 109.0(8) . . ?  
N1 C3 C4 114.7(8) . . ?  
C5 C4 C3 107.5(10) . . ?  
I6 I7 I3 89.53(4) . 4_445 ?  
I6 I7 I5 117.18(4) . 2 ?  
I3 I7 I5 150.81(5) 4_445 2 ?  
N1 C6 C7 115.7(10) . . ?  
C6 C7 C8 109.3(13) . . ?  
C10 C9 N1 116.2(9) . . ?  
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C9 C10 C11 110.4(11) . . ?  
C13 C12 N1 115.1(8) . . ?  
C14 C13 C12 109.6(11) . . ?  
  
_diffrn_measured_fraction_theta_max    0.998  
_diffrn_reflns_theta_full              26.34  
_diffrn_measured_fraction_theta_full   0.998  
_refine_diff_density_max    1.842  
_refine_diff_density_min   -1.133  







































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C10 H12 F4 I5 N'  
_chemical_formula_weight          856.70  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'P2(1)/c'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    19.326(3)  
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_cell_length_b                    12.4913(14)  
_cell_length_c                    18.865(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  118.03(4)  
_cell_angle_gamma                 90.00  
_cell_volume                      4020.0(14)  
_cell_formula_units_Z             8  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     12566  
_cell_measurement_theta_min       2.0386  
_cell_measurement_theta_max       26.3981  
  
_exptl_crystal_description        'column'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.60  
_exptl_crystal_size_mid           0.14  
_exptl_crystal_size_min           0.09  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     3.244  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              3492  
_exptl_absorpt_coefficient_mu     8.738  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.6476  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998.  
;  
  
_diffrn_ambient_temperature       298(3)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 





Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             34228  
_diffrn_reflns_av_R_equivalents   0.0540  
_diffrn_reflns_av_sigmaI/netI     0.0406  
_diffrn_reflns_limit_h_min        -24  
_diffrn_reflns_limit_h_max        24  
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_diffrn_reflns_limit_k_min        -15  
_diffrn_reflns_limit_k_max        15  
_diffrn_reflns_limit_l_min        -22  
_diffrn_reflns_limit_l_max        23  
_diffrn_reflns_theta_min          2.02  
_diffrn_reflns_theta_max          26.38  
_reflns_number_total              8207  
_reflns_number_gt                 6276  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.00023(6)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          8207  
_refine_ls_number_parameters      362  
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_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0697  
_refine_ls_R_factor_gt            0.0522  
_refine_ls_wR_factor_ref          0.1761  
_refine_ls_wR_factor_gt           0.1525  
_refine_ls_goodness_of_fit_ref    1.108  
_refine_ls_restrained_S_all       1.108  
_refine_ls_shift/su_max           0.121  
_refine_ls_shift/su_mean          0.006  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I6 I 0.12274(3) 0.20352(5) 0.36153(4) 0.04858(18) Uani 1 1 d . . .  
I2 I 0.92018(3) 0.40214(5) 0.88237(4) 0.05157(18) Uani 1 1 d . . .  
I3 I 0.32301(3) 0.10027(5) 0.35050(4) 0.05349(19) Uani 1 1 d . . .  
I9 I 0.63139(3) 0.25158(4) 0.62946(4) 0.05245(19) Uani 1 1 d . . .  
I1 I 0.54962(4) 0.60336(5) 0.62117(4) 0.0593(2) Uani 1 1 d . . .  
I4 I -0.18746(4) 0.39860(5) 0.37687(5) 0.0612(2) Uani 1 1 d . . .  
I7 I 0.13382(4) 0.20154(6) 0.21129(4) 0.0621(2) Uani 1 1 d . . .  
I5 I 0.11196(4) 0.19235(6) 0.51098(4) 0.0646(2) Uani 1 1 d . . .  
I10 I 0.65205(5) 0.32417(7) 0.49305(5) 0.0736(2) Uani 1 1 d . . .  
I8 I 0.61018(5) 0.18041(7) 0.76427(6) 0.0769(2) Uani 1 1 d . . .  
F3 F 0.4953(4) 0.0831(5) 0.3652(4) 0.0655(15) Uani 1 1 d . . .  
F2 F -0.1092(4) 0.5081(6) 0.5510(4) 0.0711(17) Uani 1 1 d . . .  
F5 F 0.6181(3) 0.4900(5) 0.7918(4) 0.0651(15) Uani 1 1 d . . .  
F4 F 0.3712(3) -0.0033(5) 0.5214(4) 0.0656(15) Uani 1 1 d . . .  
F6 F 0.7127(4) 0.5939(5) 0.6120(4) 0.0677(16) Uani 1 1 d . . .  
F1 F -0.0311(4) 0.4134(6) 0.3571(4) 0.0779(19) Uani 1 1 d . . .  
C6 C 0.4345(5) -0.0006(7) 0.5098(5) 0.0429(17) Uani 1 1 d . . .  
C9 C 0.7230(5) 0.5499(7) 0.6813(5) 0.0474(19) Uani 1 1 d . . .  
C7 C 0.6750(5) 0.4981(7) 0.7706(6) 0.048(2) Uani 1 1 d . . .  
C4 C 0.4965(5) 0.0425(7) 0.4307(6) 0.0485(19) Uani 1 1 d . . .  
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C5 C 0.4295(5) 0.0421(7) 0.4414(6) 0.0483(19) Uani 1 1 d . . .  
C3 C -0.0562(6) 0.5042(8) 0.5235(6) 0.051(2) Uani 1 1 d . . .  
C1 C -0.0162(7) 0.4576(9) 0.4274(6) 0.058(2) Uani 1 1 d . . .  
C8 C 0.6613(5) 0.5459(8) 0.6980(6) 0.055(2) Uani 1 1 d . . .  
C2 C -0.0739(6) 0.4565(8) 0.4506(6) 0.053(2) Uani 1 1 d . . .  
F7 F 0.8518(3) 0.5117(5) 0.7099(4) 0.0596(14) Uani 1 1 d . . .  
F8 F 0.7580(3) 0.4148(5) 0.8916(4) 0.0644(15) Uani 1 1 d . . .  
C11 C 0.8093(5) 0.4608(7) 0.8036(6) 0.050(2) Uani 1 1 d . . .  
C12 C 0.7482(6) 0.4572(8) 0.8214(6) 0.051(2) Uani 1 1 d . . .  
C10 C 0.7944(6) 0.5058(7) 0.7317(7) 0.053(2) Uani 1 1 d . . .  
N1 N 0.3654(4) 0.3222(6) 0.6101(5) 0.0476(16) Uani 1 1 d . . .  
C14 C 0.2910(7) 0.3763(10) 0.5645(9) 0.078(4) Uani 1 1 d . . .  
H14A H 0.2665 0.3872 0.5980 0.117 Uiso 1 1 calc R . .  
H14B H 0.2575 0.3333 0.5190 0.117 Uiso 1 1 calc R . .  
H14C H 0.2997 0.4443 0.5463 0.117 Uiso 1 1 calc R . .  
C13 C 0.4026(13) 0.305(2) 0.5577(11) 0.149(10) Uani 1 1 d . . .  
H13A H 0.4113 0.3734 0.5396 0.224 Uiso 1 1 calc R . .  
H13B H 0.3687 0.2627 0.5122 0.224 Uiso 1 1 calc R . .  
H13C H 0.4518 0.2692 0.5875 0.224 Uiso 1 1 calc R . .  
C16 C 0.4230(12) 0.3800(17) 0.6776(15) 0.153(9) Uani 1 1 d . . .  
H16A H 0.4032 0.3940 0.7149 0.229 Uiso 1 1 calc R . .  
H16B H 0.4342 0.4466 0.6597 0.229 Uiso 1 1 calc R . .  
H16C H 0.4701 0.3382 0.7036 0.229 Uiso 1 1 calc R . .  
C15 C 0.3541(11) 0.2153(14) 0.6367(15) 0.136(8) Uani 1 1 d . . .  
H15A H 0.3300 0.2230 0.6708 0.204 Uiso 1 1 calc R . .  
H15B H 0.4040 0.1806 0.6658 0.204 Uiso 1 1 calc R . .  
H15C H 0.3209 0.1729 0.5907 0.204 Uiso 1 1 calc R . .  
N2 N -0.1155(4) 0.3363(6) 0.1340(5) 0.0470(16) Uani 1 1 d . . .  
C20 C -0.0403(7) 0.3989(9) 0.1826(9) 0.070(3) Uani 1 1 d . . .  
H20A H 0.0040 0.3527 0.1969 0.104 Uiso 1 1 calc R . .  
H20B H -0.0397 0.4261 0.2304 0.104 Uiso 1 1 calc R . .  
H20C H -0.0376 0.4575 0.1510 0.104 Uiso 1 1 calc R . .  
C18 C -0.1837(10) 0.4022(15) 0.110(2) 0.24(2) Uani 1 1 d . . .  
H18A H -0.2299 0.3601 0.0793 0.354 Uiso 1 1 calc R . .  
H18B H -0.1819 0.4603 0.0776 0.354 Uiso 1 1 calc R . .  
H18C H -0.1850 0.4301 0.1567 0.354 Uiso 1 1 calc R . .  
C19 C -0.1178(15) 0.254(2) 0.1834(18) 0.30(3) Uani 1 1 d . . .  
H19A H -0.1646 0.2127 0.1545 0.456 Uiso 1 1 calc R . .  
H19B H -0.1175 0.2846 0.2302 0.456 Uiso 1 1 calc R . .  
H19C H -0.0728 0.2088 0.1994 0.456 Uiso 1 1 calc R . .  
C21 C -0.1119(14) 0.290(3) 0.0678(16) 0.205(16) Uani 1 1 d . . .  
H21A H -0.1589 0.2499 0.0364 0.307 Uiso 1 1 calc R . .  
H21B H -0.0674 0.2429 0.0865 0.307 Uiso 1 1 calc R . .  





 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I6 0.0440(3) 0.0420(3) 0.0538(4) 0.0007(2) 0.0180(3) -0.0006(2)  
I2 0.0461(3) 0.0497(3) 0.0597(4) 0.0008(3) 0.0255(3) 0.0000(2)  
I3 0.0432(3) 0.0517(4) 0.0559(4) -0.0002(3) 0.0152(3) 0.0022(2)  
I9 0.0450(3) 0.0420(3) 0.0633(4) -0.0025(3) 0.0195(3) 0.0036(2)  
I1 0.0511(3) 0.0520(4) 0.0628(4) 0.0009(3) 0.0170(3) 0.0001(3)  
I4 0.0625(4) 0.0517(4) 0.0640(4) -0.0029(3) 0.0253(3) 0.0064(3)  
I7 0.0589(4) 0.0716(5) 0.0501(4) -0.0057(3) 0.0207(3) 0.0127(3)  
I5 0.0572(4) 0.0799(5) 0.0541(4) 0.0079(3) 0.0240(3) -0.0135(3)  
I10 0.0620(4) 0.0815(5) 0.0749(5) 0.0244(4) 0.0302(4) 0.0169(4)  
I8 0.0716(5) 0.0874(6) 0.0787(5) 0.0170(4) 0.0411(4) 0.0149(4)  
F3 0.061(3) 0.085(4) 0.053(3) 0.010(3) 0.028(3) -0.001(3)  
F2 0.066(4) 0.089(5) 0.069(4) -0.010(3) 0.041(3) 0.001(3)  
F5 0.054(3) 0.076(4) 0.074(4) 0.005(3) 0.037(3) 0.003(3)  
F4 0.048(3) 0.077(4) 0.082(4) 0.000(3) 0.039(3) 0.000(3)  
F6 0.066(4) 0.078(4) 0.064(4) 0.015(3) 0.034(3) 0.007(3)  
F1 0.088(5) 0.092(5) 0.059(4) -0.019(3) 0.039(4) 0.007(4)  
C6 0.041(4) 0.047(5) 0.042(4) -0.004(4) 0.021(4) -0.001(3)  
C9 0.053(5) 0.042(4) 0.043(4) -0.002(4) 0.019(4) -0.010(4)  
C7 0.045(4) 0.049(5) 0.050(5) -0.011(4) 0.022(4) -0.009(4)  
C4 0.049(4) 0.051(5) 0.045(5) 0.004(4) 0.022(4) 0.000(4)  
C5 0.037(4) 0.041(4) 0.060(5) -0.009(4) 0.017(4) -0.002(3)  
C3 0.054(5) 0.050(5) 0.052(5) 0.001(4) 0.027(4) 0.007(4)  
C1 0.068(6) 0.063(6) 0.043(5) -0.007(4) 0.025(5) 0.008(5)  
C8 0.045(4) 0.048(5) 0.053(5) -0.013(4) 0.007(4) -0.004(4)  
C2 0.059(5) 0.055(5) 0.048(5) -0.002(4) 0.027(4) 0.005(4)  
F7 0.058(3) 0.066(3) 0.068(4) 0.005(3) 0.040(3) -0.002(3)  
F8 0.055(3) 0.088(4) 0.056(3) 0.016(3) 0.031(3) 0.005(3)  
C11 0.041(4) 0.047(5) 0.058(5) -0.004(4) 0.021(4) -0.006(4)  
C12 0.059(5) 0.056(5) 0.048(5) 0.005(4) 0.033(4) 0.000(4)  
C10 0.053(5) 0.038(4) 0.072(6) -0.001(4) 0.033(5) -0.002(4)  
N1 0.051(4) 0.043(4) 0.051(4) -0.003(3) 0.025(3) -0.005(3)  
C14 0.053(6) 0.066(7) 0.108(10) 0.009(7) 0.032(6) -0.003(5)  
C13 0.141(16) 0.24(3) 0.067(10) 0.025(13) 0.049(11) 0.084(17)  
C16 0.113(14) 0.121(16) 0.15(2) -0.041(15) 0.005(14) -0.016(13)  
C15 0.095(11) 0.072(10) 0.21(2) 0.029(12) 0.046(14) 0.002(8)  
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N2 0.044(4) 0.043(4) 0.054(4) -0.003(3) 0.023(3) -0.007(3)  
C20 0.058(6) 0.056(6) 0.094(9) -0.001(6) 0.035(6) -0.011(5)  
C18 0.069(10) 0.094(13) 0.54(6) -0.11(2) 0.14(2) -0.027(9)  
C19 0.18(2) 0.28(4) 0.23(3) 0.20(3) -0.09(2) -0.15(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I6 I5 2.9264(11) . ?  
I6 I7 2.9410(11) . ?  
I2 C11 2.084(9) . ?  
I2 C10 3.029(11) . ?  
I2 C12 3.041(10) . ?  
I2 I5 3.5447(16) 4_666 ?  
I3 C5 2.095(9) . ?  
I3 C6 3.030(9) . ?  
I3 I7 3.5834(16) . ?  
I9 I8 2.8992(12) . ?  
I9 I10 2.9274(11) . ?  
I1 C8 2.083(9) . ?  
I1 C7 3.021(10) . ?  
I1 I10 3.5722(16) 3_666 ?  
I4 C2 2.099(11) . ?  
I4 C3 3.038(10) . ?  
I4 I8 3.6019(16) 4_465 ?  
I7 I5 3.8360(13) 4_565 ?  
I5 I2 3.5447(16) 4_465 ?  
I5 I7 3.8360(13) 4_566 ?  
I10 I1 3.5722(16) 3_666 ?  
I10 I8 4.0004(16) 4_565 ?  
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I8 I4 3.6019(16) 4_666 ?  
I8 I10 4.0004(16) 4_566 ?  
F3 C4 1.326(10) . ?  
F2 C3 1.349(11) . ?  
F5 C7 1.339(10) . ?  
F4 C6 1.340(9) . ?  
F6 C9 1.345(10) . ?  
F1 C1 1.337(11) . ?  
C6 C5 1.358(13) . ?  
C6 C4 1.380(12) 3_656 ?  
C9 C8 1.368(13) . ?  
C9 C10 1.370(14) . ?  
C7 C12 1.381(14) . ?  
C7 C8 1.401(14) . ?  
C4 C6 1.380(12) 3_656 ?  
C4 C5 1.401(12) . ?  
C3 C1 1.351(15) 3_566 ?  
C3 C2 1.386(13) . ?  
C1 C3 1.351(15) 3_566 ?  
C1 C2 1.377(14) . ?  
F7 C10 1.355(10) . ?  
F8 C12 1.355(10) . ?  
C11 C10 1.368(14) . ?  
C11 C12 1.372(12) . ?  
N1 C16 1.43(2) . ?  
N1 C14 1.450(14) . ?  
N1 C15 1.478(18) . ?  
N1 C13 1.484(18) . ?  
N2 C19 1.400(19) . ?  
N2 C21 1.41(2) . ?  
N2 C18 1.435(18) . ?  
N2 C20 1.521(13) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
I5 I6 I7 176.78(3) . . ?  
C11 I2 C10 22.7(3) . . ?  
C11 I2 C12 22.5(3) . . ?  
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C10 I2 C12 45.2(2) . . ?  
C11 I2 I5 177.5(3) . 4_666 ?  
C10 I2 I5 154.78(17) . 4_666 ?  
C12 I2 I5 159.97(16) . 4_666 ?  
C5 I3 C6 22.5(3) . . ?  
C5 I3 I7 173.7(3) . . ?  
C6 I3 I7 151.50(15) . . ?  
I8 I9 I10 179.69(3) . . ?  
C8 I1 C7 23.9(3) . . ?  
C8 I1 I10 171.0(3) . 3_666 ?  
C7 I1 I10 147.40(17) . 3_666 ?  
C2 I4 C3 23.3(3) . . ?  
C2 I4 I8 173.1(3) . 4_465 ?  
C3 I4 I8 150.04(17) . 4_465 ?  
I6 I7 I3 78.93(3) . . ?  
I6 I7 I5 157.25(3) . 4_565 ?  
I3 I7 I5 116.49(3) . 4_565 ?  
I6 I5 I2 83.18(3) . 4_465 ?  
I6 I5 I7 155.21(3) . 4_566 ?  
I2 I5 I7 112.65(3) 4_465 4_566 ?  
I9 I10 I1 92.75(4) . 3_666 ?  
I9 I10 I8 154.42(3) . 4_565 ?  
I1 I10 I8 75.09(4) 3_666 4_565 ?  
I9 I8 I4 92.26(4) . 4_666 ?  
I9 I8 I10 155.57(4) . 4_566 ?  
I4 I8 I10 75.33(4) 4_666 4_566 ?  
F4 C6 C5 120.2(8) . . ?  
F4 C6 C4 117.8(8) . 3_656 ?  
C5 C6 C4 122.0(8) . 3_656 ?  
F4 C6 I3 84.0(5) . . ?  
C5 C6 I3 36.3(4) . . ?  
C4 C6 I3 158.3(6) 3_656 . ?  
F6 C9 C8 119.4(9) . . ?  
F6 C9 C10 118.6(8) . . ?  
C8 C9 C10 121.9(9) . . ?  
F5 C7 C12 118.9(8) . . ?  
F5 C7 C8 121.3(9) . . ?  
C12 C7 C8 119.8(8) . . ?  
F5 C7 I1 84.3(5) . . ?  
C12 C7 I1 156.8(6) . . ?  
C8 C7 I1 37.1(5) . . ?  
F3 C4 C6 119.3(8) . 3_656 ?  
F3 C4 C5 121.5(8) . . ?  
C6 C4 C5 119.2(8) 3_656 . ?  
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C6 C5 C4 118.8(8) . . ?  
C6 C5 I3 121.2(6) . . ?  
C4 C5 I3 120.0(7) . . ?  
F2 C3 C1 116.9(9) . 3_566 ?  
F2 C3 C2 121.3(9) . . ?  
C1 C3 C2 121.7(9) 3_566 . ?  
F2 C3 I4 84.6(5) . . ?  
C1 C3 I4 158.5(7) 3_566 . ?  
C2 C3 I4 36.8(5) . . ?  
F1 C1 C3 119.8(9) . 3_566 ?  
F1 C1 C2 118.8(10) . . ?  
C3 C1 C2 121.2(9) 3_566 . ?  
C9 C8 C7 117.1(9) . . ?  
C9 C8 I1 123.9(8) . . ?  
C7 C8 I1 119.0(7) . . ?  
C1 C2 C3 116.9(10) . . ?  
C1 C2 I4 122.9(8) . . ?  
C3 C2 I4 119.9(7) . . ?  
C10 C11 C12 116.9(9) . . ?  
C10 C11 I2 121.3(7) . . ?  
C12 C11 I2 121.9(7) . . ?  
F8 C12 C11 120.8(9) . . ?  
F8 C12 C7 116.7(8) . . ?  
C11 C12 C7 122.5(9) . . ?  
F8 C12 I2 85.2(5) . . ?  
C11 C12 I2 35.6(5) . . ?  
C7 C12 I2 158.1(6) . . ?  
F7 C10 C11 120.1(9) . . ?  
F7 C10 C9 118.0(9) . . ?  
C11 C10 C9 121.8(8) . . ?  
F7 C10 I2 84.1(5) . . ?  
C11 C10 I2 36.0(5) . . ?  
C9 C10 I2 157.7(7) . . ?  
C16 N1 C14 115.6(12) . . ?  
C16 N1 C15 109.3(15) . . ?  
C14 N1 C15 111.1(10) . . ?  
C16 N1 C13 104.3(15) . . ?  
C14 N1 C13 109.1(11) . . ?  
C15 N1 C13 107.1(14) . . ?  
C19 N2 C21 109(2) . . ?  
C19 N2 C18 109(2) . . ?  
C21 N2 C18 112.1(19) . . ?  
C19 N2 C20 107.3(11) . . ?  
C21 N2 C20 108.3(12) . . ?  
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C18 N2 C20 111.8(10) . . ?  
  
_diffrn_measured_fraction_theta_max    0.996  
_diffrn_reflns_theta_full              26.38  
_diffrn_measured_fraction_theta_full   0.996  
_refine_diff_density_max    2.629  
_refine_diff_density_min   -1.423  









































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C11 H20 I9 N'  
_chemical_formula_weight          1308.39  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'P2(1)/c'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    7.9583(8)  
_cell_length_b                    19.3025(19)  
_cell_length_c                    17.9110(14)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  95.13(5)  
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_cell_angle_gamma                 90.00  
_cell_volume                      2740.4(10)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     7569  
_cell_measurement_theta_min       1.5546  
_cell_measurement_theta_max       26.3520  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.24  
_exptl_crystal_size_mid           0.19  
_exptl_crystal_size_min           0.10  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     3.790  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              2748  
_exptl_absorpt_coefficient_mu     11.879  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.4413  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       298(3)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 
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 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             20813  
_diffrn_reflns_av_R_equivalents   0.0874  
_diffrn_reflns_av_sigmaI/netI     0.0627  
_diffrn_reflns_limit_h_min        -9  
_diffrn_reflns_limit_h_max        8  
_diffrn_reflns_limit_k_min        -23  
_diffrn_reflns_limit_k_max        23  
_diffrn_reflns_limit_l_min        -22  
_diffrn_reflns_limit_l_max        22  
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_diffrn_reflns_theta_min          1.55  
_diffrn_reflns_theta_max          26.33  
_reflns_number_total              5552  
_reflns_number_gt                 4678  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.00166(16)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          5552  
_refine_ls_number_parameters      191  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0637  
_refine_ls_R_factor_gt            0.0552  
_refine_ls_wR_factor_ref          0.1699  
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_refine_ls_wR_factor_gt           0.1575  
_refine_ls_goodness_of_fit_ref    1.111  
_refine_ls_restrained_S_all       1.111  
_refine_ls_shift/su_max           0.049  
_refine_ls_shift/su_mean          0.004  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I8 I 0.50136(7) 0.26797(3) 0.07165(3) 0.03346(19) Uani 1 1 d . . .  
I9 I 0.45731(8) 0.32839(3) 0.22267(3) 0.0431(2) Uani 1 1 d . . .  
I3 I 0.19887(9) -0.08901(4) -0.04044(4) 0.0487(2) Uani 1 1 d . . .  
I7 I 0.53501(8) 0.20942(4) -0.07213(3) 0.0437(2) Uani 1 1 d . . .  
I5 I 0.20579(10) 0.44268(4) 0.09754(4) 0.0528(2) Uani 1 1 d . . .  
I2 I -0.25002(10) 0.04766(4) -0.19624(4) 0.0493(2) Uani 1 1 d . . .  
I6 I 0.24568(10) 0.57145(4) -0.03795(4) 0.0569(2) Uani 1 1 d . . .  
I4 I 0.20635(10) 0.05785(4) -0.15610(5) 0.0569(2) Uani 1 1 d . . .  
I1 I -0.25547(10) -0.10437(4) -0.08994(5) 0.0613(3) Uani 1 1 d . . .  
C2 C 0.0565(12) -0.0200(5) -0.1118(5) 0.040(2) Uani 1 1 d . . .  
C1 C -0.1050(13) -0.0238(5) -0.1279(5) 0.043(2) Uani 1 1 d . . .  
N1 N 0.0072(10) -0.1859(4) -0.3146(4) 0.0414(17) Uani 1 1 d . . .  
C5 C -0.1787(18) -0.1770(8) -0.3118(7) 0.070(3) Uani 1 1 d . . .  
H5A H -0.2018 -0.1739 -0.2597 0.085 Uiso 1 1 calc R . .  
H5B H -0.2344 -0.2184 -0.3324 0.085 Uiso 1 1 calc R . .  
C3 C 0.0818(14) 0.5028(5) 0.0113(6) 0.047(2) Uani 1 1 d . . .  
C4 C -0.2569(18) -0.1153(8) -0.3527(8) 0.071(4) Uani 1 1 d . . .  
H4A H -0.3761 -0.1148 -0.3478 0.107 Uiso 1 1 calc R . .  
H4B H -0.2376 -0.1180 -0.4047 0.107 Uiso 1 1 calc R . .  
H4C H -0.2070 -0.0736 -0.3315 0.107 Uiso 1 1 calc R . .  
C7 C 0.2894(15) -0.1314(7) -0.2630(8) 0.062(3) Uani 1 1 d . . .  
H7A H 0.3322 -0.0914 -0.2357 0.093 Uiso 1 1 calc R . .  
H7B H 0.3330 -0.1324 -0.3113 0.093 Uiso 1 1 calc R . .  
H7C H 0.3238 -0.1725 -0.2357 0.093 Uiso 1 1 calc R . .  
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C6 C 0.0978(17) -0.1280(7) -0.2731(8) 0.066(3) Uani 1 1 d . . .  
H6A H 0.0392 -0.0912 -0.2542 0.080 Uiso 1 1 calc R . .  
C9 C -0.0361(17) -0.2360(8) -0.4478(7) 0.065(3) Uani 1 1 d . . .  
H9A H 0.0021 -0.2309 -0.4968 0.097 Uiso 1 1 calc R . .  
H9B H -0.1555 -0.2279 -0.4502 0.097 Uiso 1 1 calc R . .  
H9C H -0.0122 -0.2821 -0.4297 0.097 Uiso 1 1 calc R . .  
C8 C 0.0568(18) -0.1828(8) -0.3934(7) 0.068(3) Uani 1 1 d . . .  
H8A H 0.1774 -0.1907 -0.3924 0.081 Uiso 1 1 calc R . .  
H8B H 0.0343 -0.1365 -0.4129 0.081 Uiso 1 1 calc R . .  
C10 C 0.063(2) -0.2556(7) -0.2831(8) 0.071(4) Uani 1 1 d . . .  
H10A H 0.1819 -0.2618 -0.2902 0.085 Uiso 1 1 calc R . .  
H10B H 0.0007 -0.2915 -0.3113 0.085 Uiso 1 1 calc R . .  
C11 C 0.0392(17) -0.2649(8) -0.1992(7) 0.068(4) Uani 1 1 d . . .  
H11A H 0.0771 -0.3102 -0.1833 0.102 Uiso 1 1 calc R . .  
H11B H -0.0781 -0.2599 -0.1917 0.102 Uiso 1 1 calc R . .  
H11C H 0.1035 -0.2304 -0.1706 0.102 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I8 0.0349(3) 0.0309(3) 0.0341(3) 0.00305(19) 0.0005(2) -0.0041(2)  
I9 0.0467(4) 0.0479(4) 0.0341(3) -0.0041(2) 0.0008(2) 0.0029(3)  
I3 0.0521(4) 0.0414(4) 0.0523(4) 0.0044(2) 0.0028(3) 0.0080(3)  
I7 0.0454(4) 0.0487(4) 0.0370(3) -0.0044(2) 0.0030(3) 0.0005(3)  
I5 0.0550(5) 0.0461(4) 0.0566(4) 0.0123(3) 0.0018(3) 0.0051(3)  
I2 0.0526(4) 0.0451(4) 0.0501(4) 0.0068(3) 0.0043(3) 0.0074(3)  
I6 0.0508(5) 0.0521(5) 0.0697(5) 0.0172(3) 0.0161(3) -0.0067(3)  
I4 0.0484(4) 0.0400(4) 0.0842(5) 0.0121(3) 0.0164(4) -0.0066(3)  
I1 0.0493(5) 0.0527(5) 0.0836(5) 0.0224(4) 0.0155(4) -0.0089(3)  
C2 0.040(5) 0.028(4) 0.054(5) -0.002(4) 0.011(4) -0.005(4)  
C1 0.053(6) 0.034(5) 0.044(5) 0.003(3) 0.018(4) -0.003(4)  
N1 0.040(4) 0.031(4) 0.053(4) 0.000(3) 0.001(3) 0.001(3)  
C5 0.066(8) 0.084(10) 0.061(7) 0.007(6) 0.009(6) 0.008(7)  
C3 0.055(6) 0.026(5) 0.062(5) 0.006(4) 0.018(5) 0.001(4)  
C4 0.061(8) 0.085(10) 0.066(7) 0.000(6) -0.006(6) 0.004(7)  
C7 0.044(7) 0.054(7) 0.087(8) -0.006(6) 0.000(6) 0.000(5)  
C6 0.055(7) 0.057(8) 0.087(9) -0.016(6) 0.009(6) -0.008(6)  
C9 0.055(7) 0.087(10) 0.050(6) -0.009(6) -0.008(5) 0.001(6)  
C8 0.067(8) 0.076(9) 0.062(7) 0.002(6) 0.016(6) 0.008(7)  
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C10 0.069(9) 0.057(8) 0.084(9) -0.013(6) -0.013(7) -0.003(6)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I8 I7 2.8467(9) . ?  
I8 I9 2.9950(9) . ?  
I8 I1 3.7447(11) 3 ?  
I8 I6 3.7738(11) 3_665 ?  
I9 I2 3.5573(12) 4_666 ?  
I9 I5 3.6187(12) . ?  
I9 I7 3.7439(11) 4_566 ?  
I9 I4 3.7816(12) 4_566 ?  
I3 C2 2.105(10) . ?  
I3 I4 3.5147(11) . ?  
I3 I7 3.6317(12) 3_655 ?  
I3 I1 3.6572(13) . ?  
I7 I3 3.6317(12) 3_655 ?  
I7 I9 3.7439(11) 4_565 ?  
I5 C3 2.106(11) . ?  
I5 I6 3.5080(11) . ?  
I5 I6 3.6658(14) 3_565 ?  
I2 C1 2.116(10) . ?  
I2 I1 3.5004(11) . ?  
I2 I9 3.5573(12) 4_465 ?  
I2 I4 3.6442(13) . ?  
I6 C3 2.107(10) . ?  
I6 I5 3.6658(14) 3_565 ?  
I6 I8 3.7738(11) 3_665 ?  
I4 C2 2.117(9) . ?  
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I4 I9 3.7816(12) 4_565 ?  
I1 C1 2.113(9) . ?  
I1 I8 3.7447(11) 3 ?  
C2 C1 1.294(15) . ?  
N1 C6 1.491(14) . ?  
N1 C5 1.495(15) . ?  
N1 C8 1.500(14) . ?  
N1 C10 1.510(16) . ?  
C5 C4 1.504(19) . ?  
C3 C3 1.33(2) 3_565 ?  
C7 C6 1.521(17) . ?  
C9 C8 1.557(18) . ?  
C10 C11 1.54(2) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
I7 I8 I9 178.62(3) . . ?  
I7 I8 I1 80.59(3) . 3 ?  
I9 I8 I1 98.34(3) . 3 ?  
I7 I8 I6 94.98(3) . 3_665 ?  
I9 I8 I6 86.09(3) . 3_665 ?  
I1 I8 I6 175.57(2) 3 3_665 ?  
I8 I9 I2 120.36(3) . 4_666 ?  
I8 I9 I5 77.35(3) . . ?  
I2 I9 I5 98.54(3) 4_666 . ?  
I8 I9 I7 142.03(3) . 4_566 ?  
I2 I9 I7 71.68(3) 4_666 4_566 ?  
I5 I9 I7 139.51(3) . 4_566 ?  
I8 I9 I4 148.78(3) . 4_566 ?  
I2 I9 I4 74.64(2) 4_666 4_566 ?  
I5 I9 I4 73.16(3) . 4_566 ?  
I7 I9 I4 66.35(2) 4_566 4_566 ?  
C2 I3 I4 33.7(3) . . ?  
C2 I3 I7 175.9(2) . 3_655 ?  
I4 I3 I7 143.48(3) . 3_655 ?  
C2 I3 I1 55.8(3) . . ?  
I4 I3 I1 89.48(3) . . ?  
I7 I3 I1 126.70(3) 3_655 . ?  
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I8 I7 I3 81.33(3) . 3_655 ?  
I8 I7 I9 160.87(3) . 4_565 ?  
I3 I7 I9 117.21(3) 3_655 4_565 ?  
C3 I5 I6 33.6(3) . . ?  
C3 I5 I9 170.9(3) . . ?  
I6 I5 I9 141.37(3) . . ?  
C3 I5 I6 56.3(3) . 3_565 ?  
I6 I5 I6 89.90(3) . 3_565 ?  
I9 I5 I6 127.48(3) . 3_565 ?  
C1 I2 I1 34.1(3) . . ?  
C1 I2 I9 167.9(2) . 4_465 ?  
I1 I2 I9 138.28(3) . 4_465 ?  
C1 I2 I4 55.8(3) . . ?  
I1 I2 I4 89.91(3) . . ?  
I9 I2 I4 130.46(3) 4_465 . ?  
C3 I6 I5 33.6(3) . . ?  
C3 I6 I5 56.5(3) . 3_565 ?  
I5 I6 I5 90.10(3) . 3_565 ?  
C3 I6 I8 160.4(3) . 3_665 ?  
I5 I6 I8 140.82(3) . 3_665 ?  
I5 I6 I8 122.52(3) 3_565 3_665 ?  
C2 I4 I3 33.5(3) . . ?  
C2 I4 I2 56.7(3) . . ?  
I3 I4 I2 90.21(3) . . ?  
C2 I4 I9 166.3(3) . 4_565 ?  
I3 I4 I9 147.61(3) . 4_565 ?  
I2 I4 I9 119.09(3) . 4_565 ?  
C1 I1 I2 34.2(3) . . ?  
C1 I1 I3 56.1(3) . . ?  
I2 I1 I3 90.22(3) . . ?  
C1 I1 I8 164.8(3) . 3 ?  
I2 I1 I8 141.86(3) . 3 ?  
I3 I1 I8 124.07(3) . 3 ?  
C1 C2 I3 124.8(7) . . ?  
C1 C2 I4 122.5(8) . . ?  
I3 C2 I4 112.7(4) . . ?  
C2 C1 I2 124.9(7) . . ?  
C2 C1 I1 123.3(8) . . ?  
I2 C1 I1 111.7(5) . . ?  
C6 N1 C5 109.5(9) . . ?  
C6 N1 C8 106.4(9) . . ?  
C5 N1 C8 111.8(9) . . ?  
C6 N1 C10 111.6(9) . . ?  
C5 N1 C10 110.5(10) . . ?  
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C8 N1 C10 107.0(9) . . ?  
N1 C5 C4 116.3(11) . . ?  
C3 C3 I6 123.3(10) 3_565 . ?  
C3 C3 I5 123.9(10) 3_565 . ?  
I6 C3 I5 112.7(5) . . ?  
N1 C6 C7 117.5(11) . . ?  
N1 C8 C9 114.3(11) . . ?  
N1 C10 C11 114.1(11) . . ?  
  
_diffrn_measured_fraction_theta_max    0.997  
_diffrn_reflns_theta_full              26.33  
_diffrn_measured_fraction_theta_full   0.997  
_refine_diff_density_max    3.416  
_refine_diff_density_min   -2.594  


































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C6 H12 I7 N'  
_chemical_formula_weight          986.45  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Orthorhombic'  
_symmetry_space_group_name_H-M    'Pna2(1)'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, z+1/2'  
 'x+1/2, -y+1/2, z'  
 '-x+1/2, y+1/2, z+1/2'  
  
_cell_length_a                    25.764(5)  
_cell_length_b                    9.7684(16)  
_cell_length_c                    7.6184(17)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
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_cell_angle_gamma                 90.00  
_cell_volume                      1917.4(7)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     4096  
_cell_measurement_theta_min       2.6158  
_cell_measurement_theta_max       26.3236  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.19  
_exptl_crystal_size_mid           0.19  
_exptl_crystal_size_min           0.07  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     3.318  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1712  
_exptl_absorpt_coefficient_mu     9.716  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.5273  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       298(3)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 
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 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          ?  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             11495  
_diffrn_reflns_av_R_equivalents   0.0513  
_diffrn_reflns_av_sigmaI/netI     0.0439  
_diffrn_reflns_limit_h_min        -32  
_diffrn_reflns_limit_h_max        31  
_diffrn_reflns_limit_k_min        -12  
_diffrn_reflns_limit_k_max        12  
_diffrn_reflns_limit_l_min        -7  
_diffrn_reflns_limit_l_max        9  
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_diffrn_reflns_theta_min          2.23  
_diffrn_reflns_theta_max          26.33  
_reflns_number_total              3258  
_reflns_number_gt                 2659  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_abs_structure_details  
 'Flack H D (1983), Acta Cryst. A39, 876-881'  
_refine_ls_abs_structure_Flack    0.2(3)  
_refine_ls_number_reflns          3258  
_refine_ls_number_parameters      127  
_refine_ls_number_restraints      1  
_refine_ls_R_factor_all           0.0665  
_refine_ls_R_factor_gt            0.0567  
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_refine_ls_wR_factor_ref          0.1881  
_refine_ls_wR_factor_gt           0.1697  
_refine_ls_goodness_of_fit_ref    1.289  
_refine_ls_restrained_S_all       1.289  
_refine_ls_shift/su_max           1.678  
_refine_ls_shift/su_mean          0.295  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I4 I -0.70852(3) 0.91152(8) 0.2059(4) 0.0361(3) Uani 1 1 d . . .  
I6 I 0.61476(3) 1.24683(7) 0.2094(6) 0.0337(3) Uani 1 1 d . . .  
I3 I -0.70430(3) 0.54964(8) 0.2063(4) 0.0381(3) Uani 1 1 d . . .  
I2 I -0.56774(3) 0.92380(7) 0.2077(4) 0.0368(3) Uani 1 1 d . . .  
I1 I -0.56302(3) 0.56389(8) 0.2095(4) 0.0398(3) Uani 1 1 d . . .  
I7 I 0.72708(3) 1.26593(8) 0.2050(4) 0.0391(3) Uani 1 1 d . . .  
I5 I 0.50093(4) 1.23927(8) 0.2078(5) 0.0436(3) Uani 1 1 d . . .  
C1 C -0.6101(5) 0.7396(11) 0.200(6) 0.036(4) Uani 1 1 d . . .  
C2 C -0.6615(5) 0.7324(10) 0.208(5) 0.035(3) Uani 1 1 d . . .  
N1 N -0.3775(5) 0.7664(10) 0.210(5) 0.035(3) Uani 1 1 d . . .  
C3 C -0.3844(7) 0.6143(16) 0.243(3) 0.049(7) Uani 1 1 d . . .  
H3A H -0.4025 0.6009 0.3515 0.074 Uiso 1 1 calc R . .  
H3B H -0.3510 0.5710 0.2485 0.074 Uiso 1 1 calc R . .  
H3C H -0.4042 0.5747 0.1485 0.074 Uiso 1 1 calc R . .  
C6 C -0.4302(7) 0.829(2) 0.193(5) 0.070(8) Uani 1 1 d . . .  
H6A H -0.4509 0.8041 0.2929 0.106 Uiso 1 1 calc R . .  
H6B H -0.4466 0.7964 0.0879 0.106 Uiso 1 1 calc R . .  
H6C H -0.4270 0.9269 0.1879 0.106 Uiso 1 1 calc R . .  
C4 C -0.3486(15) 0.794(5) 0.353(5) 0.13(2) Uani 1 1 d . . .  
H4A H -0.3665 0.7627 0.4560 0.198 Uiso 1 1 calc R . .  
H4B H -0.3429 0.8907 0.3611 0.198 Uiso 1 1 calc R . .  
H4C H -0.3158 0.7476 0.3438 0.198 Uiso 1 1 calc R . .  
C5 C -0.3488(12) 0.815(2) 0.041(4) 0.061(9) Uani 1 1 d . . .  
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H5A H -0.3475 0.9129 0.0388 0.091 Uiso 1 1 calc R . .  
H5B H -0.3670 0.7822 -0.0607 0.091 Uiso 1 1 calc R . .  
H5C H -0.3141 0.7789 0.0407 0.091 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I4 0.0354(5) 0.0279(4) 0.0450(6) -0.0010(16) -0.0029(12) 0.0019(3)  
I6 0.0398(5) 0.0261(4) 0.0352(6) -0.0026(11) 0.0015(11) -0.0010(3)  
I3 0.0394(5) 0.0278(4) 0.0469(6) 0.0020(16) 0.0029(15) -0.0035(3)  
I2 0.0338(4) 0.0285(4) 0.0480(6) 0.0040(13) 0.0007(14) -0.0026(3)  
I1 0.0394(5) 0.0288(4) 0.0511(6) 0.0048(13) 0.0013(17) 0.0058(3)  
I7 0.0393(5) 0.0325(4) 0.0456(6) -0.0034(17) 0.0013(16) -0.0008(3)  
I5 0.0397(5) 0.0331(4) 0.0581(7) 0.0009(16) 0.0006(19) 0.0003(3)  
C1 0.035(7) 0.019(5) 0.054(11) -0.025(13) -0.016(15) -0.004(4)  
C2 0.043(7) 0.019(5) 0.043(7) -0.007(15) -0.017(19) -0.006(4)  
N1 0.035(5) 0.035(5) 0.035(7) -0.017(13) -0.016(14) 0.007(4)  
C3 0.068(11) 0.041(9) 0.04(2) -0.001(8) -0.025(11) 0.003(7)  
C6 0.058(11) 0.080(12) 0.074(18) -0.040(17) -0.050(15) 0.032(9)  
C4 0.059(19) 0.30(6) 0.033(16) -0.05(3) 0.015(15) -0.05(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I4 C2 2.129(11) . ?  
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I4 I3 3.5366(12) . ?  
I4 I7 3.5609(12) 3_375 ?  
I4 I2 3.6292(14) . ?  
I6 I7 2.9000(12) . ?  
I6 I5 2.9339(13) . ?  
I3 C2 2.098(10) . ?  
I3 I7 3.5536(12) 3_365 ?  
I3 I1 3.6425(15) . ?  
I2 C1 2.106(11) . ?  
I2 I1 3.5179(12) . ?  
I2 I5 3.5533(12) 1_455 ?  
I1 C1 2.104(11) . ?  
I1 I5 3.5735(12) 1_445 ?  
I7 I3 3.5536(12) 3_665 ?  
I7 I4 3.5609(11) 3_675 ?  
I5 I2 3.5533(12) 1_655 ?  
I5 I1 3.5735(12) 1_665 ?  
C1 C2 1.33(2) . ?  
N1 C4 1.35(5) . ?  
N1 C6 1.495(18) . ?  
N1 C3 1.52(2) . ?  
N1 C5 1.56(4) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C2 I4 I3 32.9(3) . . ?  
C2 I4 I7 173.1(3) . 3_375 ?  
I3 I4 I7 154.00(3) . 3_375 ?  
C2 I4 I2 57.2(3) . . ?  
I3 I4 I2 90.13(2) . . ?  
I7 I4 I2 115.87(3) 3_375 . ?  
I7 I6 I5 177.59(8) . . ?  
C2 I3 I4 33.5(3) . . ?  
C2 I3 I7 178.1(3) . 3_365 ?  
I4 I3 I7 148.40(3) . 3_365 ?  
C2 I3 I1 56.1(3) . . ?  
I4 I3 I1 89.57(2) . . ?  
I7 I3 I1 122.03(3) 3_365 . ?  
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C1 I2 I1 33.3(3) . . ?  
C1 I2 I5 177.9(9) . 1_455 ?  
I1 I2 I5 148.16(3) . 1_455 ?  
C1 I2 I4 56.9(3) . . ?  
I1 I2 I4 90.09(2) . . ?  
I5 I2 I4 121.76(3) 1_455 . ?  
C1 I1 I2 33.3(3) . . ?  
C1 I1 I5 171.9(3) . 1_445 ?  
I2 I1 I5 154.52(3) . 1_445 ?  
C1 I1 I3 56.9(3) . . ?  
I2 I1 I3 90.21(2) . . ?  
I5 I1 I3 115.26(3) 1_445 . ?  
I6 I7 I3 116.14(3) . 3_665 ?  
I6 I7 I4 121.45(3) . 3_675 ?  
I3 I7 I4 122.40(3) 3_665 3_675 ?  
I6 I5 I2 121.30(3) . 1_655 ?  
I6 I5 I1 116.01(3) . 1_665 ?  
I2 I5 I1 122.68(3) 1_655 1_665 ?  
C2 C1 I1 122.0(9) . . ?  
C2 C1 I2 124.2(8) . . ?  
I1 C1 I2 113.4(5) . . ?  
C1 C2 I3 124.7(8) . . ?  
C1 C2 I4 121.6(8) . . ?  
I3 C2 I4 113.6(6) . . ?  
C4 N1 C6 119(3) . . ?  
C4 N1 C3 97(3) . . ?  
C6 N1 C3 107.9(14) . . ?  
C4 N1 C5 110.2(17) . . ?  
C6 N1 C5 104(3) . . ?  
C3 N1 C5 119(2) . . ?  
  
_diffrn_measured_fraction_theta_max    0.976  
_diffrn_reflns_theta_full              26.33  
_diffrn_measured_fraction_theta_full   0.976  
_refine_diff_density_max    3.574  
_refine_diff_density_min   -2.235  












_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C18 H36 I7 N'  
_chemical_formula_weight          1154.79  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'P2(1)/n'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    14.4856(18)  
_cell_length_b                    16.089(3)  
_cell_length_c                    14.6478(16)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  113.59(1)  
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_cell_angle_gamma                 90.00  
_cell_volume                      3128.6(11)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     10862  
_cell_measurement_theta_min       1.9737  
_cell_measurement_theta_max       26.3555  
  
_exptl_crystal_description        'Parallelpiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.48  
_exptl_crystal_size_mid           0.43  
_exptl_crystal_size_min           0.29  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.404  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              2170  
_exptl_absorpt_coefficient_mu     5.244  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.6918  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       298(3)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 
_diffrn_radiation_detector              'CCD' 
_diffrn_measurement_device 
; 
Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 
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 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             24761  
_diffrn_reflns_av_R_equivalents   0.0567  
_diffrn_reflns_av_sigmaI/netI     0.0447  
_diffrn_reflns_limit_h_min        -18  
_diffrn_reflns_limit_h_max        18  
_diffrn_reflns_limit_k_min        -20  
_diffrn_reflns_limit_k_max        13  
_diffrn_reflns_limit_l_min        -17  
_diffrn_reflns_limit_l_max        18  
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_diffrn_reflns_theta_min          1.98  
_diffrn_reflns_theta_max          26.35  
_reflns_number_total              6313  
_reflns_number_gt                 5560  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.00000(12)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          6313  
_refine_ls_number_parameters      236  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0555  
_refine_ls_R_factor_gt            0.0493  
_refine_ls_wR_factor_ref          0.1514  
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_refine_ls_wR_factor_gt           0.1411  
_refine_ls_goodness_of_fit_ref    1.128  
_refine_ls_restrained_S_all       1.128  
_refine_ls_shift/su_max           4.866  
_refine_ls_shift/su_mean          0.022  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I6 I 0.56047(3) 0.09513(2) 0.78237(3) 0.03191(15) Uani 1 1 d . . .  
I7 I 0.34465(3) 0.10201(3) 0.65697(3) 0.04096(16) Uani 1 1 d . . .  
I3 I 0.30787(3) 0.20121(3) 0.85898(3) 0.03444(15) Uani 1 1 d . . .  
I4 I 0.23821(3) 0.39203(3) 0.93056(3) 0.03726(15) Uani 1 1 d . . .  
I5 I 0.77754(4) 0.09972(4) 0.89691(3) 0.04697(17) Uani 1 1 d . . .  
I2 I 0.31001(3) 0.31186(3) 1.18483(3) 0.03337(15) Uani 1 1 d . . .  
I1 I 0.38404(4) 0.12359(3) 1.11304(3) 0.04443(16) Uani 1 1 d . . .  
C1 C 0.3235(5) 0.2438(4) 1.0671(5) 0.0327(12) Uani 1 1 d . . .  
C2 C 0.2961(4) 0.2714(4) 0.9754(4) 0.0328(12) Uani 1 1 d . . .  
N1 N 0.5584(3) 0.3824(3) 0.7735(3) 0.0275(10) Uani 1 1 d . . .  
C11 C 0.5572(4) 0.3264(4) 0.8560(4) 0.0301(11) Uani 1 1 d . . .  
H11A H 0.6174 0.2923 0.8790 0.036 Uiso 1 1 calc R . .  
H11B H 0.4997 0.2895 0.8288 0.036 Uiso 1 1 calc R . .  
C16 C 0.3644(5) 0.3992(4) 0.6982(5) 0.0363(13) Uani 1 1 d . . .  
H16A H 0.3594 0.3641 0.7498 0.044 Uiso 1 1 calc R . .  
H16B H 0.3570 0.3644 0.6416 0.044 Uiso 1 1 calc R . .  
C3 C 0.5551(5) 0.3258(4) 0.6883(4) 0.0305(11) Uani 1 1 d . . .  
H3A H 0.5474 0.2685 0.6905 0.037 Uiso 1 1 calc R . .  
C8 C 0.7511(5) 0.3899(4) 0.8502(5) 0.0350(13) Uani 1 1 d . . .  
H8A H 0.7524 0.3491 0.8020 0.042 Uiso 1 1 calc R . .  
H8B H 0.7573 0.3608 0.9104 0.042 Uiso 1 1 calc R . .  
C15 C 0.4669(5) 0.4412(4) 0.7370(5) 0.0327(12) Uani 1 1 d . . .  
H15A H 0.4718 0.4776 0.7916 0.039 Uiso 1 1 calc R . .  
H15B H 0.4706 0.4758 0.6844 0.039 Uiso 1 1 calc R . .  
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C7 C 0.6531(4) 0.4373(4) 0.8088(4) 0.0299(11) Uani 1 1 d . . .  
H7A H 0.6516 0.4707 0.7532 0.036 Uiso 1 1 calc R . .  
H7B H 0.6512 0.4749 0.8597 0.036 Uiso 1 1 calc R . .  
C12 C 0.5523(5) 0.3722(4) 0.9465(5) 0.0376(13) Uani 1 1 d . . .  
H12A H 0.6037 0.4150 0.9690 0.045 Uiso 1 1 calc R . .  
H12B H 0.4871 0.3987 0.9275 0.045 Uiso 1 1 calc R . .  
C4 C 0.5652(5) 0.3680(4) 0.6003(4) 0.0364(13) Uani 1 1 d . . .  
H4A H 0.5162 0.4126 0.5766 0.044 Uiso 1 1 calc R . .  
H4B H 0.6318 0.3921 0.6214 0.044 Uiso 1 1 calc R . .  
C9 C 0.8386(5) 0.4504(4) 0.8735(5) 0.0373(13) Uani 1 1 d . . .  
H9A H 0.8357 0.4913 0.9209 0.045 Uiso 1 1 calc R . .  
H9B H 0.8307 0.4797 0.8129 0.045 Uiso 1 1 calc R . .  
C17 C 0.2809(5) 0.4640(5) 0.6668(5) 0.0426(15) Uani 1 1 d . . .  
H17A H 0.2883 0.4999 0.6170 0.051 Uiso 1 1 calc R . .  
H17B H 0.2889 0.4981 0.7241 0.051 Uiso 1 1 calc R . .  
C13 C 0.5683(5) 0.3117(5) 1.0288(5) 0.0412(15) Uani 1 1 d . . .  
H13A H 0.6351 0.2878 1.0504 0.049 Uiso 1 1 calc R . .  
H13B H 0.5196 0.2670 1.0048 0.049 Uiso 1 1 calc R . .  
C5 C 0.5486(5) 0.3070(4) 0.5164(5) 0.0375(13) Uani 1 1 d . . .  
H5A H 0.4810 0.2845 0.4942 0.045 Uiso 1 1 calc R . .  
H5B H 0.5955 0.2612 0.5416 0.045 Uiso 1 1 calc R . .  
C18 C 0.1755(6) 0.4278(6) 0.6249(7) 0.0526(18) Uani 1 1 d . . .  
H18A H 0.1271 0.4721 0.6069 0.079 Uiso 1 1 calc R . .  
H18B H 0.1667 0.3933 0.6743 0.079 Uiso 1 1 calc R . .  
H18C H 0.1660 0.3951 0.5671 0.079 Uiso 1 1 calc R . .  
C10 C 0.9419(5) 0.4087(5) 0.9159(6) 0.0477(17) Uani 1 1 d . . .  
H10A H 0.9934 0.4501 0.9290 0.072 Uiso 1 1 calc R . .  
H10B H 0.9462 0.3692 0.8687 0.072 Uiso 1 1 calc R . .  
H10C H 0.9510 0.3807 0.9768 0.072 Uiso 1 1 calc R . .  
C6 C 0.5621(6) 0.3454(6) 0.4284(6) 0.055(2) Uani 1 1 d . . .  
H6A H 0.5507 0.3040 0.3778 0.082 Uiso 1 1 calc R . .  
H6B H 0.6295 0.3665 0.4494 0.082 Uiso 1 1 calc R . .  
H6C H 0.5149 0.3900 0.4021 0.082 Uiso 1 1 calc R . .  
C14 C 0.5568(6) 0.3554(7) 1.1180(5) 0.061(3) Uani 1 1 d . . .  
H14A H 0.5674 0.3158 1.1702 0.092 Uiso 1 1 calc R . .  
H14B H 0.4903 0.3783 1.0967 0.092 Uiso 1 1 calc R . .  
H14C H 0.6056 0.3992 1.1422 0.092 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
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 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I6 0.0372(2) 0.0259(2) 0.0353(2) -0.00073(13) 0.01722(19) 0.00024(12)  
I7 0.0356(2) 0.0495(3) 0.0371(3) -0.00880(16) 0.01381(19) 0.00184(16)  
I3 0.0400(2) 0.0355(2) 0.0316(2) -0.00755(14) 0.01834(18) -0.00724(15)  
I4 0.0443(3) 0.0352(3) 0.0326(2) 0.00382(14) 0.01579(19) 0.00656(15)  
I5 0.0374(3) 0.0668(4) 0.0351(3) 0.00489(18) 0.01284(19) -0.00934(19)  
I2 0.0398(2) 0.0340(2) 0.0285(2) -0.00295(14) 0.01584(17) -0.00274(15)  
I1 0.0597(3) 0.0333(3) 0.0420(3) 0.00588(17) 0.0222(2) 0.00856(18)  
C1 0.038(3) 0.026(3) 0.036(3) -0.005(2) 0.016(2) -0.002(2)  
C2 0.029(3) 0.034(3) 0.036(3) -0.003(2) 0.013(2) -0.002(2)  
N1 0.032(3) 0.021(2) 0.030(2) -0.0031(16) 0.013(2) -0.0012(17)  
C11 0.030(3) 0.027(3) 0.034(3) -0.002(2) 0.014(2) -0.003(2)  
C16 0.034(3) 0.035(3) 0.038(3) 0.002(2) 0.012(3) 0.000(2)  
C3 0.041(3) 0.024(3) 0.028(3) -0.005(2) 0.015(2) -0.003(2)  
C8 0.035(3) 0.024(3) 0.044(3) -0.004(2) 0.014(3) 0.000(2)  
C15 0.037(3) 0.025(3) 0.041(3) 0.003(2) 0.019(2) 0.003(2)  
C7 0.036(3) 0.021(3) 0.038(3) -0.004(2) 0.020(2) 0.002(2)  
C12 0.040(3) 0.044(4) 0.035(3) -0.008(3) 0.021(3) -0.003(3)  
C4 0.041(3) 0.038(3) 0.030(3) 0.001(2) 0.013(2) 0.000(3)  
C9 0.036(3) 0.034(3) 0.047(3) 0.001(3) 0.022(3) -0.005(2)  
C17 0.032(3) 0.047(4) 0.046(4) -0.005(3) 0.013(3) 0.009(3)  
C13 0.032(3) 0.056(4) 0.033(3) 0.000(3) 0.010(2) -0.012(3)  
C5 0.035(3) 0.046(4) 0.031(3) -0.003(2) 0.013(2) 0.005(2)  
C18 0.039(4) 0.059(5) 0.060(4) 0.002(4) 0.020(3) -0.004(3)  
C10 0.034(3) 0.056(5) 0.050(4) 0.000(3) 0.014(3) 0.008(3)  
C6 0.049(4) 0.077(6) 0.041(4) 0.002(4) 0.020(3) 0.005(4)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
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 _geom_bond_publ_flag  
I6 I5 2.9130(12) . ?  
I6 I7 2.9263(12) . ?  
I6 I1 3.7936(9) 3_657 ?  
I7 I3 3.5844(8) . ?  
I7 I4 3.6424(9) 2_546 ?  
I3 C2 2.109(6) . ?  
I3 I4 3.5200(8) . ?  
I3 I1 3.6524(10) . ?  
I4 C2 2.112(7) . ?  
I4 I7 3.6424(9) 2_556 ?  
I4 I2 3.6766(10) . ?  
I5 I2 3.6145(8) 4_665 ?  
I2 C1 2.116(6) . ?  
I2 I1 3.5119(8) . ?  
I2 I5 3.6145(8) 4_566 ?  
I1 C1 2.119(6) . ?  
I1 I6 3.7936(9) 3_657 ?  
C1 C2 1.317(9) . ?  
N1 C11 1.513(7) . ?  
N1 C7 1.537(7) . ?  
N1 C3 1.531(7) . ?  
N1 C15 1.539(7) . ?  
C11 C12 1.543(8) . ?  
C16 C15 1.518(9) . ?  
C16 C17 1.522(9) . ?  
C3 C4 1.514(8) . ?  
C8 C7 1.508(8) . ?  
C8 C9 1.524(8) . ?  
C12 C13 1.494(9) . ?  
C4 C5 1.515(9) . ?  
C9 C10 1.526(9) . ?  
C17 C18 1.515(10) . ?  
C13 C14 1.550(10) . ?  
C5 C6 1.511(10) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
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I5 I6 I7 175.12(2) . . ?  
I5 I6 I1 77.61(2) . 3_657 ?  
I7 I6 I1 106.80(2) . 3_657 ?  
I6 I7 I3 88.46(3) . . ?  
I6 I7 I4 107.73(2) . 2_546 ?  
I3 I7 I4 124.518(19) . 2_546 ?  
C2 I3 I4 33.51(18) . . ?  
C2 I3 I7 173.21(17) . . ?  
I4 I3 I7 142.119(17) . . ?  
C2 I3 I1 56.52(18) . . ?  
I4 I3 I1 90.024(17) . . ?  
I7 I3 I1 127.21(2) . . ?  
C2 I4 I3 33.46(16) . . ?  
C2 I4 I7 174.70(16) . 2_556 ?  
I3 I4 I7 142.894(18) . 2_556 ?  
C2 I4 I2 56.38(16) . . ?  
I3 I4 I2 89.836(17) . . ?  
I7 I4 I2 126.999(16) 2_556 . ?  
I6 I5 I2 89.81(3) . 4_665 ?  
C1 I2 I1 34.01(17) . . ?  
C1 I2 I5 171.86(17) . 4_566 ?  
I1 I2 I5 139.216(17) . 4_566 ?  
C1 I2 I4 55.75(17) . . ?  
I1 I2 I4 89.757(17) . . ?  
I5 I2 I4 130.632(19) 4_566 . ?  
C1 I1 I2 33.96(16) . . ?  
C1 I1 I3 56.41(16) . . ?  
I2 I1 I3 90.359(18) . . ?  
C1 I1 I6 165.63(16) . 3_657 ?  
I2 I1 I6 136.046(18) . 3_657 ?  
I3 I1 I6 131.105(16) . 3_657 ?  
C2 C1 I1 123.3(5) . . ?  
C2 C1 I2 124.6(5) . . ?  
I1 C1 I2 112.0(3) . . ?  
C1 C2 I3 123.8(5) . . ?  
C1 C2 I4 123.2(5) . . ?  
I3 C2 I4 113.0(3) . . ?  
C11 N1 C7 111.5(4) . . ?  
C11 N1 C3 106.9(5) . . ?  
C7 N1 C3 110.3(4) . . ?  
C11 N1 C15 111.2(4) . . ?  
C7 N1 C15 107.0(5) . . ?  
C3 N1 C15 109.9(4) . . ?  
N1 C11 C12 114.9(5) . . ?  
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C15 C16 C17 110.4(5) . . ?  
C4 C3 N1 116.4(5) . . ?  
C7 C8 C9 109.3(5) . . ?  
C16 C15 N1 115.7(5) . . ?  
C8 C7 N1 114.5(5) . . ?  
C13 C12 C11 109.6(6) . . ?  
C5 C4 C3 111.3(5) . . ?  
C8 C9 C10 113.7(6) . . ?  
C16 C17 C18 114.2(7) . . ?  
C12 C13 C14 110.5(7) . . ?  
C4 C5 C6 113.3(6) . . ?  
  
_diffrn_measured_fraction_theta_max    0.991  
_diffrn_reflns_theta_full              26.35  
_diffrn_measured_fraction_theta_full   0.991  
_refine_diff_density_max    4.641  
_refine_diff_density_min   -1.396  































_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C10 H12 F2 I7 N'  
_chemical_formula_weight          1072.51  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'C2/m'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y, -z'  
 'x+1/2, y+1/2, z'  
 '-x+1/2, y+1/2, -z'  
 '-x, -y, -z'  
 'x, -y, z'  
 '-x+1/2, -y+1/2, -z'  




_cell_length_a                    17.0660(18)  
_cell_length_b                    8.0015(18)  
_cell_length_c                    16.329(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  93.28(4)  
_cell_angle_gamma                 90.00  
_cell_volume                      2226.1(9)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     204.1500  
_cell_measurement_reflns_used     3936  
_cell_measurement_theta_min       2.3909  
_cell_measurement_theta_max       26.3697  
  
_exptl_crystal_description        'Parallelepiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.84  
_exptl_crystal_size_mid           0.19  
_exptl_crystal_size_min           0.07?  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     3.164  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1824  
_exptl_absorpt_coefficient_mu     9.765  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.4998  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998. 
;  
  
_diffrn_ambient_temperature       293(2)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 





Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             8582  
_diffrn_reflns_av_R_equivalents   0.1105  
_diffrn_reflns_av_sigmaI/netI     0.0714  
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_diffrn_reflns_limit_h_min        -21  
_diffrn_reflns_limit_h_max        21  
_diffrn_reflns_limit_k_min        -10  
_diffrn_reflns_limit_k_max        7  
_diffrn_reflns_limit_l_min        -20  
_diffrn_reflns_limit_l_max        18  
_diffrn_reflns_theta_min          2.76  
_diffrn_reflns_theta_max          26.37  
_reflns_number_total              2417  
_reflns_number_gt                 2247  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0100P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.00209(15)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
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_refine_ls_number_reflns          2417  
_refine_ls_number_parameters      111  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0574  
_refine_ls_R_factor_gt            0.0540  
_refine_ls_wR_factor_ref          0.1402  
_refine_ls_wR_factor_gt           0.1260  
_refine_ls_goodness_of_fit_ref    2.913  
_refine_ls_restrained_S_all       2.913  
_refine_ls_shift/su_max           0.053  
_refine_ls_shift/su_mean          0.004  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I3 I 0.14950(4) 0.23224(8) 0.41620(4) 0.0325(2) Uani 1 1 d . . .  
F1 F 0.0000 0.3391(9) 0.5000 0.0384(19) Uani 1 2 d S . .  
C1 C 0.0608(4) 0.0844(9) 0.4644(5) 0.0201(16) Uani 1 1 d . . .  
C2 C 0.0000 0.1744(14) 0.5000 0.023(2) Uani 1 2 d S . .  
I6 I 0.20444(6) 0.0000 0.01497(6) 0.0472(3) Uani 1 2 d S . .  
I7 I 0.08657(6) 0.0000 0.19849(6) 0.0456(3) Uani 1 2 d S . .  
F2 F 0.0875(4) 0.0000 -0.1323(5) 0.0313(17) Uani 1 2 d S . .  
C3 C 0.0408(7) 0.0000 -0.0662(8) 0.022(2) Uani 1 2 d S . .  
C4 C 0.0853(7) 0.0000 0.0103(9) 0.029(3) Uani 1 2 d S . .  
C5 C 0.0399(6) 0.0000 0.0792(9) 0.026(3) Uani 1 2 d S . .  
N1 N 0.3953(7) 0.0000 0.2545(10) 0.044(3) Uani 1 2 d S . .  
C8 C 0.401(2) 0.150(3) 0.2054(19) 0.25(3) Uani 1 1 d . . .  
H8A H 0.3528 0.1682 0.1741 0.375 Uiso 1 1 calc R . .  
H8B H 0.4430 0.1368 0.1687 0.375 Uiso 1 1 calc R . .  
H8C H 0.4124 0.2439 0.2407 0.375 Uiso 1 1 calc R . .  
C9 C 0.463(2) 0.0000 0.289(3) 0.31(6) Uani 1 2 d S . .  
H9A H 0.4691 0.0951 0.3249 0.470 Uiso 0.50 1 calc PR . .  
H9B H 0.5016 0.0056 0.2485 0.470 Uiso 1 2 calc SR . .  
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H9C H 0.4709 -0.1006 0.3207 0.470 Uiso 0.50 1 calc PR . .  
I1 I 0.30966(5) 0.5000 0.35111(5) 0.0316(3) Uani 1 2 d S . .  
I2 I 0.19742(5) 0.5000 0.20317(5) 0.0315(3) Uani 1 2 d S . .  
I5 I 0.08943(6) 0.5000 0.06269(6) 0.0426(3) Uani 1 2 d S . .  
C7 C 0.338(3) 0.0000 0.316(3) 0.23(3) Uani 1 2 d S . .  
H7A H 0.2863 0.0000 0.2899 0.340 Uiso 1 2 calc SR . .  
H7B H 0.3450 0.0980 0.3496 0.340 Uiso 0.50 1 calc PR . .  
H7C H 0.3450 -0.0980 0.3496 0.340 Uiso 0.50 1 calc PR . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I3 0.0328(4) 0.0292(3) 0.0361(4) 0.0044(2) 0.0074(3) -0.0043(2)  
F1 0.034(4) 0.013(3) 0.070(6) 0.000 0.013(4) 0.000  
C1 0.020(4) 0.016(4) 0.025(4) 0.000(3) 0.006(3) -0.004(3)  
C2 0.015(5) 0.008(4) 0.044(7) 0.000 0.001(5) 0.000  
I6 0.0262(5) 0.0756(8) 0.0399(6) 0.000 0.0018(4) 0.000  
I7 0.0405(5) 0.0697(7) 0.0261(5) 0.000 -0.0034(4) 0.000  
F2 0.018(3) 0.042(4) 0.034(4) 0.000 0.009(3) 0.000  
C3 0.015(5) 0.018(5) 0.035(6) 0.000 0.004(5) 0.000  
C4 0.021(5) 0.021(5) 0.045(8) 0.000 0.007(5) 0.000  
C5 0.006(4) 0.007(4) 0.067(9) 0.000 0.004(5) 0.000  
N1 0.026(5) 0.021(5) 0.087(10) 0.000 0.026(7) 0.000  
C8 0.45(7) 0.069(14) 0.26(4) 0.05(2) 0.27(5) 0.03(3)  
C9 0.08(2) 0.75(18) 0.12(3) 0.000 0.05(3) 0.000  
I1 0.0336(5) 0.0330(5) 0.0278(5) 0.000 -0.0008(4) 0.000  
I2 0.0310(5) 0.0358(5) 0.0279(5) 0.000 0.0031(4) 0.000  
I5 0.0317(5) 0.0596(6) 0.0357(5) 0.000 -0.0053(4) 0.000  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  






 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I3 C1 2.109(7) . ?  
I3 C2 2.999(2) . ?  
I3 I1 3.6774(12) . ?  
I3 I3 3.7165(14) 6 ?  
F1 C2 1.318(13) . ?  
C1 C1 1.350(14) 6 ?  
C1 C2 1.415(9) . ?  
C2 C1 1.415(9) 2_556 ?  
C2 I3 2.999(2) 2_556 ?  
I6 C4 2.030(13) . ?  
I6 I7 3.7035(18) . ?  
I6 I5 3.8072(18) 7 ?  
I7 C5 2.063(15) . ?  
I7 C3 2.976(13) 5 ?  
F2 C3 1.378(13) . ?  
C3 C5 1.381(15) 5 ?  
C3 C4 1.424(19) . ?  
C3 I7 2.976(13) 5 ?  
C4 C5 1.402(17) . ?  
C5 C3 1.381(15) 5 ?  
N1 C9 1.26(4) . ?  
N1 C8 1.45(2) 6 ?  
N1 C8 1.45(2) . ?  
N1 C7 1.44(3) . ?  
C8 H8A 0.9600 . ?  
C8 H8B 0.9600 . ?  
C8 H8C 0.9600 . ?  
C9 H9A 0.9600 . ?  
C9 H9B 0.9600 . ?  
C9 H9C 0.9600 . ?  
I1 I2 2.9959(17) . ?  
I1 I3 3.6774(12) 6_565 ?  
I2 I5 2.8591(17) . ?  
I5 I5 3.577(2) 5_565 ?  
I5 I6 3.8072(18) 7 ?  
C7 H7A 0.9600 . ?  
C7 H7B 0.9600 . ?  
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C7 H7C 0.9600 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 I3 C2 25.3(3) . . ?  
C1 I3 I1 174.9(2) . . ?  
C2 I3 I1 152.6(2) . . ?  
C1 I3 I3 55.9(2) . 6 ?  
C2 I3 I3 81.1(2) . 6 ?  
I1 I3 I3 125.635(16) . 6 ?  
C1 C1 C2 120.6(5) 6 . ?  
C1 C1 I3 124.1(2) 6 . ?  
C2 C1 I3 115.3(5) . . ?  
F1 C2 C1 120.6(5) . 2_556 ?  
F1 C2 C1 120.6(5) . . ?  
C1 C2 C1 118.8(9) 2_556 . ?  
F1 C2 I3 81.1(2) . 2_556 ?  
C1 C2 I3 39.5(3) 2_556 2_556 ?  
C1 C2 I3 158.3(6) . 2_556 ?  
F1 C2 I3 81.1(2) . . ?  
C1 C2 I3 158.3(6) 2_556 . ?  
C1 C2 I3 39.5(3) . . ?  
I3 C2 I3 162.2(4) 2_556 . ?  
C4 I6 I7 56.0(4) . . ?  
C4 I6 I5 158.4(4) . 7 ?  
I7 I6 I5 145.54(4) . 7 ?  
C5 I7 C3 24.1(4) . 5 ?  
C5 I7 I6 55.5(3) . . ?  
C3 I7 I6 79.7(2) 5 . ?  
F2 C3 C5 119.7(11) . 5 ?  
F2 C3 C4 112.6(10) . . ?  
C5 C3 C4 127.7(11) 5 . ?  
F2 C3 I7 82.1(7) . 5 ?  
C5 C3 I7 37.6(7) 5 5 ?  
C4 C3 I7 165.4(8) . 5 ?  
C5 C4 C3 114.3(11) . . ?  
C5 C4 I6 124.6(10) . . ?  
C3 C4 I6 121.1(9) . . ?  
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C3 C5 C4 118.0(12) 5 . ?  
C3 C5 I7 118.2(9) 5 . ?  
C4 C5 I7 123.8(9) . . ?  
C9 N1 C8 99.0(19) . 6 ?  
C9 N1 C8 99(2) . . ?  
C8 N1 C8 112(3) 6 . ?  
C9 N1 C7 109(3) . . ?  
C8 N1 C7 117.3(14) 6 . ?  
C8 N1 C7 117.3(14) . . ?  
N1 C8 H8A 109.5 . . ?  
N1 C8 H8B 109.5 . . ?  
H8A C8 H8B 109.5 . . ?  
N1 C8 H8C 109.4 . . ?  
H8A C8 H8C 109.5 . . ?  
H8B C8 H8C 109.5 . . ?  
N1 C9 H9A 109.5 . . ?  
N1 C9 H9B 109.5 . . ?  
H9A C9 H9B 109.5 . . ?  
N1 C9 H9C 109.5 . . ?  
H9A C9 H9C 109.5 . . ?  
H9B C9 H9C 109.5 . . ?  
I2 I1 I3 77.38(3) . . ?  
I2 I1 I3 77.38(3) . 6_565 ?  
I3 I1 I3 71.27(3) . 6_565 ?  
I5 I2 I1 179.61(4) . . ?  
I2 I5 I5 161.63(5) . 5_565 ?  
I2 I5 I6 72.65(4) . 7 ?  
I5 I5 I6 125.72(5) 5_565 7 ?  
N1 C7 H7A 109.5 . . ?  
N1 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
N1 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
H7B C7 H7C 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
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 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C2 I3 C1 C1 -178.4(6) . . . 6 ?  
I1 I3 C1 C1 -109(2) . . . 6 ?  
I3 I3 C1 C1 0.000(1) 6 . . 6 ?  
I1 I3 C1 C2 69(3) . . . . ?  
I3 I3 C1 C2 178.4(6) 6 . . . ?  
C1 C1 C2 F1 180.000(2) 6 . . . ?  
I3 C1 C2 F1 1.6(6) . . . . ?  
C1 C1 C2 C1 0.000(2) 6 . . 2_556 ?  
I3 C1 C2 C1 -178.4(6) . . . 2_556 ?  
C1 C1 C2 I3 -2.7(11) 6 . . 2_556 ?  
I3 C1 C2 I3 178.9(4) . . . 2_556 ?  
C1 C1 C2 I3 178.4(6) 6 . . . ?  
C1 I3 C2 F1 -178.6(5) . . . . ?  
I1 I3 C2 F1 11.80(10) . . . . ?  
I3 I3 C2 F1 180.0 6 . . . ?  
C1 I3 C2 C1 3.7(15) . . . 2_556 ?  
I1 I3 C2 C1 -165.8(9) . . . 2_556 ?  
I3 I3 C2 C1 2.4(9) 6 . . 2_556 ?  
I1 I3 C2 C1 -169.6(5) . . . . ?  
I3 I3 C2 C1 -1.4(5) 6 . . . ?  
C1 I3 C2 I3 -178.6(5) . . . 2_556 ?  
I1 I3 C2 I3 11.80(10) . . . 2_556 ?  
I3 I3 C2 I3 180.000(1) 6 . . 2_556 ?  
C4 I6 I7 C5 0.0 . . . . ?  
I5 I6 I7 C5 180.0 7 . . . ?  
C4 I6 I7 C3 0.0 . . . 5 ?  
I5 I6 I7 C3 180.0 7 . . 5 ?  
F2 C3 C4 C5 180.0 . . . . ?  
C5 C3 C4 C5 0.0 5 . . . ?  
I7 C3 C4 C5 0.0 5 . . . ?  
F2 C3 C4 I6 0.0 . . . . ?  
C5 C3 C4 I6 180.0 5 . . . ?  
I7 C3 C4 I6 180.0 5 . . . ?  
I7 I6 C4 C5 0.0 . . . . ?  
I5 I6 C4 C5 180.0 7 . . . ?  
I7 I6 C4 C3 180.0 . . . . ?  
I5 I6 C4 C3 0.0 7 . . . ?  
C3 C4 C5 C3 0.0 . . . 5 ?  
I6 C4 C5 C3 180.0 . . . 5 ?  
C3 C4 C5 I7 180.0 . . . . ?  
I6 C4 C5 I7 0.0 . . . . ?  
I6 I7 C5 C3 180.0 . . . 5 ?  
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C3 I7 C5 C4 180.0 5 . . . ?  
I6 I7 C5 C4 0.0 . . . . ?  
C1 I3 I1 I2 -155(2) . . . . ?  
C2 I3 I1 I2 -95.16(11) . . . . ?  
I3 I3 I1 I2 99.24(2) 6 . . . ?  
C1 I3 I1 I3 -75(2) . . . 6_565 ?  
C2 I3 I1 I3 -14.40(11) . . . 6_565 ?  
I3 I3 I1 I3 180.0 6 . . 6_565 ?  
I3 I1 I2 I5 36.659(17) . . . . ?  
I3 I1 I2 I5 -36.659(18) 6_565 . . . ?  
I1 I2 I5 I5 0.000(5) . . . 5_565 ?  
I1 I2 I5 I6 180.000(5) . . . 7 ?  
  
_diffrn_measured_fraction_theta_max    0.990  
_diffrn_reflns_theta_full              26.37  
_diffrn_measured_fraction_theta_full   0.990  
_refine_diff_density_max    3.211  
_refine_diff_density_min   -1.730  






























_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C26 H20 F12 I9 N'  
_chemical_formula_weight          1716.53  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            'Monoclinic'  
_symmetry_space_group_name_H-M    'C2/c'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y, -z+1/2'  
 'x+1/2, y+1/2, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y, z-1/2'  
 '-x+1/2, -y+1/2, -z'  




_cell_length_a                    28.318(4)  
_cell_length_b                    8.6825(14)  
_cell_length_c                    17.5495(2)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  104.10(1)  
_cell_angle_gamma                 90.00  
_cell_volume                      4185.0(14)  
_cell_formula_units_Z             7  
_cell_measurement_temperature     173.1500  
_cell_measurement_reflns_used     6118  
_cell_measurement_theta_min       2.3932  
_cell_measurement_theta_max       26.4731  
  
_exptl_crystal_description        'Parallelpiped'  
_exptl_crystal_colour             'Yellow'  
_exptl_crystal_size_max           0.36  
_exptl_crystal_size_mid           0.24  
_exptl_crystal_size_min           0.19  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.898  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              3296  
_exptl_absorpt_coefficient_mu     7.465  
_exptl_absorpt_correction_type    'Multi-scan'  
_exptl_absorpt_correction_T_min   0.5571  
_exptl_absorpt_correction_T_max   1.0000  




REQABA Empirical Absorption Correction, Version 1.1, R.A. Jacobson,  
Molecular Structure Corp., The Woodlands, TX, 1998.  
;  
  
_diffrn_ambient_temperature       293(3)  
_diffrn_source_power                    2.0000 
_diffrn_source_voltage                  50.0000 
_diffrn_source_current                  40.0000 
_diffrn_radiation_wavelength            0.7107 
_diffrn_radiation_type                  'Mo K\a' 
_diffrn_radiation_source                'Sealed Tube' 
_diffrn_radiation_monochromator         'Graphite Monochromator' 





Mercury CCD (2x2 bin mode) 
; 
_diffrn_detector_area_resol_mean        14.6199 
_diffrn_measurement_method              'dtprofit.ref' 




 Number of images: 360 
            Slice: -90.0000 - 90.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 0.0000 
              XTD: 27.8225 
           2theta: -0.0826 
scan: 
 Number of images: 120 
            Slice: -30.0000 - 30.0000 
      Image width: 0.5000 
         Exp time: 25.0000 
    Rotation axis: Omega 
            Omega: 0.0000 
              Chi: 45.0000 
              Phi: 90.0000 
              XTD: 27.8225 





AFC8: Eulerian 3-circle 
; 
_diffrn_standards_number          'NA'  
_diffrn_standards_interval_count  'NA'  
_diffrn_standards_interval_time   'NA'  
_diffrn_standards_decay_%         'NA'  
_diffrn_reflns_number             17576  
_diffrn_reflns_av_R_equivalents   0.0520  
_diffrn_reflns_av_sigmaI/netI     0.0393  
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_diffrn_reflns_limit_h_min        -35  
_diffrn_reflns_limit_h_max        35  
_diffrn_reflns_limit_k_min        -10  
_diffrn_reflns_limit_k_max        8  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          2.39  
_diffrn_reflns_theta_max          26.34  
_reflns_number_total              4236  
_reflns_number_gt                 3411  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection    'CrystalClear, V. 1.3 sp1 (Rigaku Corp., 2001)'  
_computing_cell_refinement    'CrystalClear (Rigaku Corp., 2001)'  
_computing_data_reduction     'CrystalClear (Rigaku Corp., 2001)'  
_computing_structure_solution     'SHELXTL,VERSION 6.10 Sheldrick (2000)' 
_computing_structure_refinement   'SHELXTL,VERSION 6.10'  
_computing_molecular_graphics     'SHELXTL,VERSION 6.10'  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0821P)^2^+11.4900P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     calc  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.00025(4)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
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_refine_ls_number_reflns          4236  
_refine_ls_number_parameters      220  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0555  
_refine_ls_R_factor_gt            0.0448  
_refine_ls_wR_factor_ref          0.1351  
_refine_ls_wR_factor_gt           0.1213  
_refine_ls_goodness_of_fit_ref    1.001  
_refine_ls_restrained_S_all       1.001  
_refine_ls_shift/su_max           0.008  
_refine_ls_shift/su_mean          0.001  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.5000 0.5000 0.0000 0.04181(19) Uani 1 2 d S . .  
I4 I 0.518511(19) 0.20824(7) 0.08526(3) 0.05982(19) Uani 1 1 d . . .  
I2 I 0.15796(2) 0.66144(8) 0.23626(4) 0.0659(2) Uani 1 1 d . . .  
I3 I 0.38992(2) 0.84584(7) 0.46031(4) 0.0662(2) Uani 1 1 d . . .  
I5 I 0.364750(18) 0.37384(7) 0.48659(3) 0.05717(19) Uani 1 1 d . . .  
C2 C 0.2680(3) 0.6699(8) 0.2826(4) 0.0417(14) Uani 1 1 d . . .  
C3 C 0.2330(3) 0.7981(8) 0.3740(4) 0.0453(15) Uani 1 1 d . . .  
C1 C 0.2264(3) 0.7135(8) 0.3050(4) 0.0436(15) Uani 1 1 d . . .  
C4 C 0.0384(2) 0.1112(9) 0.2259(4) 0.0468(16) Uani 1 1 d . . .  
H4A H 0.0223 0.0502 0.1807 0.056 Uiso 1 1 calc R . .  
H4B H 0.0613 0.1785 0.2093 0.056 Uiso 1 1 calc R . .  
N1 N 0.0000 0.2112(10) 0.2500 0.0408(17) Uani 1 2 d S . .  
F5 F 0.26088(17) 0.3732(5) 0.3637(2) 0.0548(11) Uani 1 1 d . . .  
F1 F 0.35259(17) 0.6593(6) 0.3013(3) 0.0621(12) Uani 1 1 d . . .  
F2 F 0.26433(17) 0.5847(6) 0.2170(3) 0.0589(11) Uani 1 1 d . . .  
F3 F 0.19398(19) 0.8458(6) 0.3984(3) 0.0654(13) Uani 1 1 d . . .  
F4 F 0.2828(2) 0.9161(6) 0.4846(3) 0.0674(13) Uani 1 1 d . . .  
F6 F 0.32625(16) 0.2247(6) 0.6270(2) 0.0600(12) Uani 1 1 d . . .  
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C8 C 0.3199(3) 0.7912(8) 0.3946(4) 0.0460(15) Uani 1 1 d . . .  
C9 C 0.2960(2) 0.2989(8) 0.4944(4) 0.0402(14) Uani 1 1 d . . .  
C11 C 0.2566(2) 0.3095(8) 0.4322(4) 0.0389(13) Uani 1 1 d . . .  
C7 C 0.3137(2) 0.7065(8) 0.3266(4) 0.0423(15) Uani 1 1 d . . .  
C6 C 0.2789(3) 0.8339(9) 0.4177(4) 0.0485(17) Uani 1 1 d . . .  
C10 C 0.2885(2) 0.2387(8) 0.5632(4) 0.0393(13) Uani 1 1 d . . .  
C5 C -0.0237(3) 0.3088(10) 0.1785(4) 0.0506(17) Uani 1 1 d . . .  
H5A H 0.0016 0.3648 0.1617 0.061 Uiso 1 1 calc R . .  
H5B H -0.0392 0.2405 0.1360 0.061 Uiso 1 1 calc R . .  
C12 C -0.0610(3) 0.4224(12) 0.1922(6) 0.071(2) Uani 1 1 d . . .  
H12A H -0.0743 0.4783 0.1446 0.107 Uiso 1 1 calc R . .  
H12B H -0.0459 0.4930 0.2329 0.107 Uiso 1 1 calc R . .  
H12C H -0.0867 0.3681 0.2077 0.107 Uiso 1 1 calc R . .  
C13 C 0.0662(4) 0.0052(12) 0.2871(6) 0.070(2) Uani 1 1 d . . .  
H13A H 0.0891 -0.0522 0.2661 0.105 Uiso 1 1 calc R . .  
H13B H 0.0442 -0.0645 0.3031 0.105 Uiso 1 1 calc R . .  
H13C H 0.0834 0.0640 0.3316 0.105 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0394(3) 0.0481(4) 0.0383(3) -0.0064(2) 0.0103(2) -0.0001(2)  
I4 0.0503(3) 0.0534(3) 0.0735(4) 0.0113(2) 0.0107(3) 0.0025(2)  
I2 0.0431(3) 0.0673(4) 0.0834(4) -0.0025(3) 0.0078(3) -0.0086(2)  
I3 0.0551(4) 0.0583(4) 0.0746(4) -0.0053(3) -0.0047(3) -0.0091(2)  
I5 0.0403(3) 0.0764(4) 0.0551(3) 0.0057(2) 0.0122(2) -0.0088(2)  
C2 0.047(4) 0.034(3) 0.043(3) -0.004(3) 0.008(3) 0.003(3)  
C3 0.043(4) 0.042(4) 0.052(4) 0.003(3) 0.015(3) 0.012(3)  
C1 0.044(4) 0.034(3) 0.054(4) 0.003(3) 0.015(3) 0.003(3)  
C4 0.036(3) 0.058(4) 0.049(4) -0.006(3) 0.016(3) 0.006(3)  
N1 0.041(4) 0.051(5) 0.034(4) 0.000 0.015(3) 0.000  
F5 0.055(3) 0.062(3) 0.048(2) 0.0158(19) 0.0140(19) -0.002(2)  
F1 0.049(3) 0.075(3) 0.067(3) -0.013(2) 0.023(2) 0.005(2)  
F2 0.063(3) 0.058(3) 0.057(2) -0.022(2) 0.017(2) -0.002(2)  
F3 0.064(3) 0.074(3) 0.069(3) 0.000(2) 0.037(3) 0.016(2)  
F4 0.093(4) 0.058(3) 0.051(2) -0.014(2) 0.018(2) 0.013(3)  
F6 0.045(2) 0.088(4) 0.041(2) 0.013(2) -0.0012(17) -0.001(2)  
C8 0.051(4) 0.038(4) 0.048(4) 0.003(3) 0.008(3) 0.002(3)  
C9 0.042(3) 0.035(3) 0.045(3) -0.002(3) 0.014(3) 0.003(3)  
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C11 0.040(3) 0.042(3) 0.035(3) 0.000(2) 0.009(3) 0.005(3)  
C7 0.036(3) 0.043(4) 0.050(4) -0.003(3) 0.015(3) 0.004(3)  
C6 0.067(5) 0.042(4) 0.035(3) 0.003(3) 0.010(3) 0.008(3)  
C10 0.033(3) 0.042(3) 0.040(3) 0.000(3) 0.004(2) 0.003(3)  
C5 0.049(4) 0.060(5) 0.040(3) 0.012(3) 0.006(3) 0.002(3)  
C12 0.038(4) 0.074(6) 0.096(7) 0.015(5) 0.006(4) 0.010(4)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
I1 I4 2.9238(7) . ?  
I1 I4 2.9238(7) 5_665 ?  
I1 I5 3.9351(9) 2_655 ?  
I1 I5 3.9351(9) 6_565 ?  
I4 I3 3.7945(15) 6_565 ?  
I2 C1 2.067(7) . ?  
I3 C8 2.091(8) . ?  
I3 I4 3.7945(15) 6_566 ?  
I5 C9 2.088(7) . ?  
I5 I1 3.9351(9) 2_655 ?  
C2 F2 1.351(8) . ?  
C2 C7 1.374(10) . ?  
C2 C1 1.383(10) . ?  
C3 F3 1.343(8) . ?  
C3 C6 1.376(11) . ?  
C3 C1 1.389(10) . ?  
C4 C13 1.486(12) . ?  
C4 N1 1.530(8) . ?  
N1 C5 1.527(8) 2 ?  
N1 C5 1.527(8) . ?  
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N1 C4 1.530(8) 2 ?  
F5 C11 1.356(8) . ?  
F1 C7 1.347(8) . ?  
F4 C6 1.355(8) . ?  
F6 C10 1.352(8) . ?  
C8 C6 1.371(11) . ?  
C8 C7 1.375(10) . ?  
C9 C11 1.361(10) . ?  
C9 C10 1.378(9) . ?  
C11 C10 1.366(10) 7_556 ?  
C10 C11 1.366(10) 7_556 ?  
C5 C12 1.507(12) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
I4 I1 I4 180.00(2) . 5_665 ?  
I4 I1 I5 71.20(2) . 2_655 ?  
I4 I1 I5 108.80(2) 5_665 2_655 ?  
I4 I1 I5 108.80(2) . 6_565 ?  
I4 I1 I5 71.20(2) 5_665 6_565 ?  
I5 I1 I5 180.00(2) 2_655 6_565 ?  
I1 I4 I3 77.54(2) . 6_565 ?  
C8 I3 I4 159.7(2) . 6_566 ?  
C9 I5 I1 172.74(19) . 2_655 ?  
F2 C2 C7 118.2(6) . . ?  
F2 C2 C1 119.8(6) . . ?  
C7 C2 C1 121.9(6) . . ?  
F3 C3 C6 119.5(7) . . ?  
F3 C3 C1 119.6(7) . . ?  
C6 C3 C1 120.9(6) . . ?  
C2 C1 C3 116.7(7) . . ?  
C2 C1 I2 121.1(5) . . ?  
C3 C1 I2 122.1(5) . . ?  
C13 C4 N1 116.1(6) . . ?  
C5 N1 C5 112.6(8) 2 . ?  
C5 N1 C4 110.0(4) 2 . ?  
C5 N1 C4 106.7(4) . . ?  
C5 N1 C4 106.7(4) 2 2 ?  
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C5 N1 C4 110.0(4) . 2 ?  
C4 N1 C4 110.8(8) . 2 ?  
C6 C8 C7 117.6(7) . . ?  
C6 C8 I3 122.2(5) . . ?  
C7 C8 I3 120.2(5) . . ?  
C11 C9 C10 117.2(6) . . ?  
C11 C9 I5 121.5(5) . . ?  
C10 C9 I5 121.3(5) . . ?  
F5 C11 C9 120.4(6) . . ?  
F5 C11 C10 117.7(6) . 7_556 ?  
C9 C11 C10 121.9(6) . 7_556 ?  
F1 C7 C2 118.5(6) . . ?  
F1 C7 C8 120.5(6) . . ?  
C2 C7 C8 121.0(6) . . ?  
F4 C6 C8 120.3(7) . . ?  
F4 C6 C3 117.9(7) . . ?  
C8 C6 C3 121.8(7) . . ?  
F6 C10 C11 119.0(6) . 7_556 ?  
F6 C10 C9 120.1(6) . . ?  
C11 C10 C9 120.9(6) 7_556 . ?  
C12 C5 N1 114.7(6) . . ?  
  
_diffrn_measured_fraction_theta_max    0.994  
_diffrn_reflns_theta_full              26.34  
_diffrn_measured_fraction_theta_full   0.994  
_refine_diff_density_max    1.737  
_refine_diff_density_min   -1.600  
_refine_diff_density_rms    0.182 
